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A. SPECIAL PART. 

I. Introduotion. 

The somewhat heterogeneous studies here brought together have been 
prosecuted at diflfereut times and in different places, as opportunity for 
getting light on the problem of non-sexual reproduction as exhibited in 
the group of Bryozoa has presented itself. 

While studies on the fresh water species were pursued chiefly here at 
Cambridge, those on marine Bryozoa were made while occupying one of 
the tables of the Museum at the United States Fish Commission Labora- 

1 Contributions from the Zoological Laboratory of the Museum of Comparative 
Zoology, under the direction of E. L. Mark, No. XXVIII. 

VOL XXII. — NO. 1. 1 
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toiy at Wood's Holl, Mass., during the summer of 1880, aod while 
Mr Agasaiz's Newport Laburatory during the aumnier of IS'JO. 
inatriiutor, Dr. E. L. Mark, for many vaKiable Buggeationa during t 
progress of my work and the writing of tliis paper, to Mr. Aleiandf 
Agassia, for the kind hospitality accorded me at his Newport Irfiboratot 
and to Hon. Marshall McDonald, United States Com niiHsi oner 
and Fisheries, and Dr. H. V. Wilson, AsBiatant at Wood's HoU, for ( 
Tora shown me while at the Wood's Uoll Laboratory, I make gratef 
ackuiiwledgment of my indebteduess. 

A word as to localities. The marine Bryozoa were found espeoially" 
abundant at Newport on floating eel-graas in the cove and on the piles 
of the wharf. The embryos of Cri a tat el la and PluraatelJa were found ia 
colonies which literally covered the bottom of some parts of the south 
or shady side of Trinity Lake, Pound Ridge, New York, They occur 
especially in densely shaded and fairly deep water near the shore. 

The Gymnolsemata present many difficulties to finer technique. They 
poaaeas a chitinona covering, often very thick, and frequently, in addition, 
a calcarous skeleton. Wlien the latter ia present, picro-nitric acid mixed 
with sea water is a fairly good 6xing reagent ; when it is absent, hot cor- 
rosive sublimate was most serviceable. The objects must be transferred 
through the grades of alcoliol with extreme caution, to prevent the col- 
lapse of the ectocyst. I used the chloroform-parafHn method of em- 
bedding in order to malte transfers more gradual at this stage. Some 
difficulty was esperienced in staining such small objects on the slide, since 
the tissues are very loosely associated ; and on the other hand in toto 
staining is un satisfactory in some cases, owing to impenetrability of the 
ectocyst. Often it was necessary to open the body cavity of each indi- 
vidual by means of a sharp knife or needle. The best results were 
obtained with alcoholic dyes like Kleinenberg'a hcematoiyliu and 
Mayer's cochineal; although Ehrlich's hteraatoxylin was often used 
with suoceas. 



. Budding in Paludicella. 

ARCniTECTURE OF THE StOCK. 



Palndicella, as is well known, occurs in quiet streams and forma 
stocks on the under surfaces of stones and other objects, Seen with the 
naked eye these stocks appear as a fine lacework, composed of constantly 
branching lines of individuals. Some of the stocks which 1 have meas- 
ured are over 25 mm. in length along their greatest diameter. 
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When the stock is studied more carefully, it is seen that the individ- 
uals which compose it are arranged one in front of the other, forming 
lines. (Figs. 1, 2, 2'.) We may distinguish (1) a single primary branch, 
which forms a continuous line from the oldest individual, which has been 
derived directly from the egg, to the terminal one ; and (2) secondary 
branches^ which arise from the individuals of the primary branch and at 
right angles to their axes. Typically, a secondary branch arises from both 
the right and left sides of each adult member of the primary branch, but 
in some cases the secondary branch of only one side appears to be formed. 
The secondary branches are composed, like the primary, of a continuous 
line of individuals placed end to end. These in turn give rise to ter- 
tiary branches, which run out at right angles to the right and to the 
left of the secondary ones, and hence parallel to the primary branches. 
Quaternary branches may occur in like manner, but I have never seen 
branches of a higher order than the fourth. All of these branches may 
lie in one plane, but frequently some of the lateral buds are so placed 
that they give origin to secondary branches which rise above the plane of 
the object upon which the stock lies. A study of Figure 1 and the cor- 
responding diagram. Figure 2, reveals some additional facts. The two 
lateral buds of an individual do not arise at the same time, and there is 
a tendency for the first, and therefore oldest and most developed, sec- 
ondary branches to arise alternately on opposite sides of the primary 
branch. This last rule has many exceptions, however. 

The long axis of the individual coincides with that of its branch ; the 
sagittal plane lies in that axis, and at right angles to the substratum. 
The atrial opening is near the distal end of the individual in the sagit- 
tal plane, and is turned away from the substratum. The anal aspect of 
the polypide is placed nearer the tip of the branch, — hence distad ; 
the mouth, on the contrary, proximad. 

A very casual observation shows that not all branches nor all individ- 
uals are of the same size. The shortest and therefore youngest branches 
are placed most distally, and are seen as small buds. The terminal indi- 
viduals of the branches are also evidently less well developed than the 
more proximal ones. The adult individuals measure from 1.5 to 2.0 mm. 
in length and from 0.30 to 0.35 mm. in width. The younger individ- 
uals differ from the older in form also. The outline of the adult branch, 
looked at from the side, and disregarding the atrial opening, is formed by 
a series of beautiful sigmoid curves (Fig. 9). The concave and convex 
points of the upper and lower sides of an individual are not placed exactly 
opposite each other, and the lower (abatrial) side approximates more 
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nearly to a straight line. The point at which the upper and lower 
curvee most ueaily approach each other is where the separation of twiH 
individtiala takes place; that at which they are farthest apart i 
middle of the aoceoiuni, oecHpied by the poljpide and sexual organa.B 
The outlines of the young zoceoia are straigliter, and their breadth i 
considerably less than that of the adult. 

From what we have already seen, the njethod of growth of the stock ii 
perfectly evident : it is by the formation of new nied n I dt, at the tips] 
of existing branches, and of new branches from later 1 b ds I < 
to understand the origin of the individuals of the pnman 1 ra che 
which subject we will first turn our attention, we m st st dy tie 
of the branches. 

2. Histology of the Bddding Region. 

Figures 7—9 will serve to show more in detail the method of formation ■ 
of new terminal individuals. We find in these cases onepolypide already 
pretty well developed and attached to the body wall by means of the karap- 
toderra at about the point at which the pyramidal muscles (-mu. pyr.) 
are seen to be forming. That portion of the animal which extends from 
about the region of formation of the muscles to a point a little proxi-l 
mad of the tip represents tlie region which will go to form the t 
dividual. The tip itself, for reasons which wilt presently appear, is not I 
to be included in the terminal individual. Ihe tip of the branch ts t 
be regarded as homologous with the margin of the corm m corm buddin 
genera of Gymnol^eraata. Figiii'es 7—9 (gn ) also show the position of J 
the bud which is to produce the polypide. By conaultmg first l-igure 9,'| 
in which the polypide bud is apparent, the significance of the ewelhnga I 
of the body wall in Figures 8 and 7 becomes cleii 

Figure 14 (Plate 11.) represents a stage in the development of the 1 
polypide bud, somewhat later than that shown in Figure 9, and thi, may J 
serve us aa a starting point in our study of the origin of a new individual, \ 
and, first of all, of the new polypide. The whole of Figure 14, from the»| 
tip down to the neck of the older polypide (cei pyd ), may be divided, fori 
convenience, into three zones: first, that distad of the young bud, which ■J 
maybe called the tip of the branch (Fig. 1 4, a to ;3) ; secondly, the regionfl 
of the bnd itself, which may be called the gemmiparmis zone (^ to y) ; and ,1 
thirdly, the region between this last zone and the neck of the older poly- ' 
pide, which, for want of a hotter name, may be called the proximal z 
iy to B). In the formation of a new polypide between a and ^, that 1 
region will in turn become divisible into the three zones just named,. 
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exactly as the region a to d represented the tip of the branch when the 
older polypide, whose neck is shown at cev. pf/(L, was of the age that the 
younger bud is now. It will be necessary first of all to study carefully 
each of these three regions before treating of their origin and fate. 

The tip of the branch consists of the two layers of cells which are found 
in other parts of the body wall, — the ectoderm and the mesoderm, as the 
coelomic epithelium may, for brevity's sake, be called. The cells of the 
ectoderm at the extreme tip (Plate I. Fig. 6) are greatly elongated, form- 
ing a columnar epithelium. There are about 25 or 30 of the larger cells. 
They have a length of 28 fi to 32 fi, and a diameter of about 4 fi. They 
possess an ovoid nucleus averaging 5.7 fi by 2.6 fi, which lies in the middle 
of the cell but slightly nearer the coelomic epithelium than the cuticula. 
It possesses a large nucleolus over 1 fi in diameter, which often appears 
stellate owing to the threads of plasma surrounding and proceeding from 
it and forming a nuclear network. As the figure shows, the plasma of 
the cell is filled with large, apparently deeply stained granules, some of 
the largest being over 0.6 ft in diameter. The coarser granules lie chiefly 
in the immediate vicinity of the nucleus, but are also found arranged in 
long lines at right angles to the surface throughout the greater part of the 
cell, becoming finer the farther they lie from the nucleus. A fine network 
can sometimes be made out between the large granules, but this appear- 
ance is more evident at the peripheral portion of the cell, where there are 
no large granules. At the outer and inner ends of the cells one finds large 
vacuoles, the largest of which are of about the same size as the nucleus ; 
these become smaller the nearer they lie to the nucleus. In many cases 
the larger vacuoles are each seen to be partly filled by a body which stains 
slightly, and, as focusing determines, is more highly refractive than the 
plasma. Similar highly refracting, slightly stainihg granules are found 
in, and in fact often composing, the smaller " vacuoles." Owing to the 
fact that the deeply staining granules lie near the nuclei, and that the 
vacuolated and finely granular plasma lies more remote, there is a very 
marked deeply staining band occupying the middle of the ectodermal 
layer, and having about four tenths the thickness of the whole layer. 

At the outer ends of the cells, and doubtless secreted by them, there is 
a cuticula about 1 fi thick. Its inner surface is sharply marked off from 
the underlying plasma ; its outer surface is less sharp, and there are 
usually very minute particles of dirt attached to it (not represented in the 
figure). The whole cuticula forms in section a continuous band of. 
substance, which stains deeply in Ehrlich's haematoxylin (but not at all 
in alum cochineal), and covers nearly the whole tip. Looked at from 
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the surface after Btainiiig io bromatoxjlhi, it appears uniformly dark^il 
The mesoilerni of ttiG tip is highly modiiied, and a dcBuriptiou ot' ii.1 
will be more instructive after I shall have described the uormal ca;lomio:| 
epithelium, as I shall do later. 

FoSBing from the extreme tip towards {3 (Fig. 14), one finds the ecto- 4 
dermal cells greidualiy changing in form, size, and structure, and becoming' I 
slightly brouder, and very much shorter. Their nuclei lie near the inner j 
ends of the cells, possess a thick " nuclear membrane," and are more)] 
nearly spherical than tbose of the columnar celbi, but of about the si 
size. They each possess one very large, centrally placed nucleoluH, whoaa-'J 
diameter equids and sometimes exceeds one third that of the nucleus, aiid. f 
whose oothue is often somewhat stellate. Outside of the nucleus ii 
cell body there are fewer and fewer vacuoles as we pass fi^am the tip, but' J 
the plasma is still coarsely granular, and here, as before, these stained- [ 
graDules surround the nucleus. It is now the regions between cellB ] 
rather than those at the inner and outer ends which remain unstained, 
BO that the cells are separated from one another by light spaces. 

The mesodermal layer becomes somewhat thinner than at the tip, that. I 
is to say, its cells arc fattened. The nuclei are elongated in the asis oi.i 
the branch, and average about 4fi by 2.2/i. They possess one spheri--J 
cal nucleolus, whose diameter is about two thirds of the minor axis 
the nucleus. Small, clear vacuoles often with highly refractive spherii 
bodies are abundant in the cell protoplasm, which stains as a whole li 
deeply than does the ectoderm. Such highly vacuolated elements will 1 
he culled reticulated cells. 

If we study the ge-mmiparons zone at a stage considerably earlier thaa \ 
that shown in Figure 14, in fact at a stage in wiiich a polypide is about t 
arise, we find an appearance of the layers represented by Plate I. Fig. 3.. j 
In Buoh a region the ectoderm consists of cuboid cells about In high by.] 
6,5 ft broad. The nuclei are large, nearly spherical, and vary in size from | 
3.5 ft to 6.0 /I. Tlie largest nuclei are those in the region from which a bud I 
is about to arise (ex.^. One in this region (to the right of «;.) is 6.5 /itJ 
by 6.0 ft in diameter, with a nearly spherical, eccentrically placed nucleo-M 
lus of about 3.0/1 in diameter. This nucleus is the largest which I hava I 
found in the whole tissue of Paludicella, and the same is true of the nucle- 1 
oluB. From the examination of many regions from which buds are about 1 
to arise, T can assert that such regions always, in Paludicella, possess largo J 
nuclei aud large deeply staining nucleoli. I shall have occasion to de- \ 
scribe similar conditions elsewhere, and to point out the probable aignifl- . 
cance of these facts. The cell body possesses a highly granular, deeply; J 
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staining plasma ; the inner ends of the cells, however, do not stain so 
deeply as the middle or peripheral portions. 

The cuticula (omitted from Fig. 3, see Fig. 5) is usually somewhat 
different in appearance from that at the extreme tip. In section we can 
distinguish two layers : an outer, thicker, deeply staining layer, which is 
not continuous but appears broken into larger or smaller bits ; and an 
inner, thin, non-stainable and highly refractive portion, from which the 
first layer is often slightly separated. This second layer is closely applied 
to the underlying cells, which doubtless secrete it. Looked at from the 
surface (Fig. 10, a.) the deeply stainable layer is seen to be broken into 
irregular polygonal pieces ranging from 2 fi to 17 fi in diameter and sepa- 
rated from one another by spaces ranging from to 6 fu 

The mesoderm forms a loose epithelium, whose average width is less 
than that of the ectoderm (Fig. 3, ms^drm,). As a whole, moreover, it 
stains less deeply. In a portion of the gemmiparous zone, which lies 
about 180^ from the budding region, the mesoderm has become so delicate 
a layer, if it exists at all, as not to be easily distinguishable. In the vicin- 
ity of the bud its cells have irregular outlines and extend out into the 
coelom as though possessed of the power of amoeboid movement. The 
nuclei are spherical or ovoid, smaller than those of the ectoderm, and on 
the whole have smaller nucleoli. The cell body is highly vacuolated. 
The vacuoles are not large and clear in outline, but whole regions of the 
cell body seem to be reduced to a non-stainable condition, and in some of 
these regions a fine network may still be observed. 

The proximal zone (Fig. 14, y to d) is distinguished, soon after the 
first rudiment of the bud appears, by the diminished thickness of the 
ectoderm. The cells have become transformed from a columnar to a 
pavement epithelium. The nuclei are smaller, the nucleoli less prom- 
inent, and the cell body stains much less deeply. The cuticula is of 
two kinds, as before, but with this difference : the deeply staining outer 
part is less conspicuous, and the pieces are smaller and more widely sep- 
arated. Looked at from the surface, we find an appearance like Figure* 
10, c, in which the dark bodies represent the deeply staining cuticula.. 
These pieces are much smaller than those of the gemmiparous zone, 
ranging from 0.6 fi to 9.5 fi in diameter, and separated from each other 
by spaces ranging from to 13 fi. 

3. Origin op the Polypide in the Terminal Bud. 

Observation having shown that budding in Paludicella follows definite 
laws, we ought to be able to discover the place and time at which buds 
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will arise ; and h is neceasiiry to do this ia order to studj tbe ori|PA ai 



theg 



^ells, and tbe chai 



which they undergo preparatory 



e gem mi parous O' 
to an actual involution. 

Tiie study of tipa of branches si 
any branch all lie in one plane, and that this plane also includes the 
youngest polypide ; also that the youngest polypides always ai-ise distud of 
tbe next older. Knowing these facta, our observations may be confined to 
a short line running froTU the neck of the youngest apparent buds to the 
tips of the branubes studied. The time at wLich to search for incipient 
buds and the plaoe iu the line where they will be found is illustrated by 
Figure 7 (Plate I.). Tbe youngest developed bud is one tbe anos of whose 
tentacles are appro:siniately parallel to the axis of the bninch, and whose 
brain cavity, <;«., ia not yet constricted ofl' from that of the cesophagUB. 
The place of origin is near tbe tip, immediately beyond the point at wliich 
the ectoderm changes rapidly from a columnar to a pavement epitbelium. 

Figure 3 ia from a section across the branch in tiie region of au iocip- i 
lent bud. I have already described tbe conditions of the cells of this j 
region. Those near fx. are larger than the summnding ones, and show ( 
signs of cell division both in the ectoderm and meBodeitn, Id both cases J 
shown in the figure, tbe direction of division is such £ 
increase the superficial area of the layer in which it occi 
derm seems to be tbe most important layer of the two ii 
invagination which is about to take place. I think om 
conclusion if one conaiders a folding of an epitbelium to be dut 
increase in the area of tbe epithelium within a certain circumference 
without & correspondingly great increase in tbe circumference itself. 
Such a conception implies, first of all, mutual pressure of the cells of i 
the iuvaginating epithelium. The cells of the mesodermal layer do not j 
seem to be under mutual pressure ; in some cases they are barely in 
contact. The cells of the ectoderm are evidently closely applied, and. 
probably, therefore, under mutual pressure 

Tbe one case of cell division which ia occurring in the ectoderm is at . I 
the inner end' of the cell. In fact, the centre of tbe nuclear plate is much i 
nearer the deep end than are the centres of tbe adjacent nuclei. Tbe 
effect of this division is to increase the area on tbe inner surface of the ■ 
ectoderm more than that on the outer, as appears from a study of the 
sections shown in Figures 4 and 5, In Figure 4 certain cells lie already 
below the niveau of tbe surrounding ones, very much as though they had 
moved downward on account of this being the direction of least resist- 
ance. A later stage of this process is shown in Figure 
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nuclei are already arranged in a deep saucer-shaped layer. The transi- 
tion to the U-shaped arrangement of Figure 37 (Plate IV.), in which 
the invagination of the inner layer of the bud is completed, is not a diffi- 
cult one to understand. It is to be observed, however, that the folding 
is of such character that it can hardly be termed a typical invagination. 
Comparing Figures 4, 5, and 37, it appears rather to be of a type some- 
what intermediate between typical invagination and typical ingression. 
The cavity of the bud first arises through a rearrangement and reshap- 
ing of the cells of the inner layer of the bud. At this stage the nuclei 
of the invaginated region stain very deeply, and have large nucleoli. 

Figure 21 (Plate III.) shows the condition of the bud at this stage as 
seen in longitudinal section. The proliferation which gave rise to the 
rudiment of the bud is shown, by a comparison of Figures 37 and 21, 
not to have been confined to one point, but to have occurred along a line, 
so that the resulting bud is boat-shaped, and not cup-shaped. The whole 
mass is therefore bilaterally symmetrical. Even at this early stage one 
can distinguish a difference in the form of the bud at the anal and oral 
ends. At the oral end (Or.) the bud passes more abruptly into the body 
wall than at the anal end. Later, this feature becomes more marked. 
This is an indication of a fact for which later stages will bring better 
evidence : that the formation of the bud proceeds from the oral towards 
the anal end, and that the increased length of the bud that one finds in 
the stage represented by Figure 22 is due to growth at the anal end. 

4. Origin and Development op the Lateral Branches. 

The first lateral branch appears as a prominent protrusion of the lat- 
eral walls of an individual of the primary branch when the ganglion of 
that individual has already nearly closed, and when the bud of the next 
younger individual has attained a stage somewhat later than that shown 
in Figure 37. The zone in which the lateral buds arise lies about mid- 
way between the neck of the median polypide and the tips of its tenta- 
cles at this stage. The place of appearance in this zone is approximately 
90® to the right or left of the neck of the polypide of the median indi- 
vidual. In one case measured, however, that shown in Figure 20 (Plate 
XL), the centres of the two lateral buds seemed to be unequally distant 
from the neck of the polypide, and each over 90° from it (approximately 
100° and 110° respectively. (Compare page 3.) 

A cross section of the branch through the region in which the lateral 
bud is arising shows that the condition of the body wall at the bud is 
quite different from that of the rest of its extent. Figure 19 represents 
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a longitudinal section of a portion of the body wall passing through the 
nou-budding regiou. The wall seems to consist of one lajer only of cells, 
and a fine, non-atainable citticula. Tbia layer of cells is the ectodema, 
for it can be traued directly into the outer layer of the tip. The meso- 
dermal layer is not represented in the region fram which the figure 
was drawn, but I believe it is not entirely absent from this part of the 
individual, for occasionally extremely flatteued cells, spindle-shaped in 
section, uiay be seen lying inside of the ectodermal layer, quite sharply 
marked off from it by a distinct lino. Further evidence of the existence 
of two layers is found in the fact that one occasionally sees in the flat- 
tened body wall two nuclei lying together, one nearer the ooslom thou 
the other. The cells of the ectoderm are seen to be very much flattened 
(uverage 2.5 /»), and their nuclei are widely separated (35 fi). The nuclei 
are oval, and rather smaller than those near the tip. They possess a 
single, rather large nticleoliis, which does not stain intensely. The cell 
protoplasm stains very little. The cuticula is about 0.5 fi thick. 

If we study the body wall in the budding region, when the latter is 
first indicated on the surface by a marked protrusion of the outline of 
the zocecium (Plate II. Fig. 15), we find that this protrusion is due to 
an elongation of cells. There are about twenty-two cells in this section, 
which are more or less thickened. Since the section figured passes 
through the centre of the circular thickening, and is about one sixteenth 
the diameter of the circle in thickness, it fellows that there are over 250 
cells of the ectoderm which have already at this stage become somewhat 
enlarged previous to evagination. The highest of these cells are the 
central ones, of which the lai^est is 22 fi high. The largest nuclei are 
4/1 by 6.3 fi, which approximates the size of those in the gemmiparoua 
region (page 6). They are placed nearer the coslomio epithelium thnn 
the exterior, are nearly spherical, and each possesses one large nucleolus 
and a quite apparent network with deeply atainable nodal points. The 
cell body is stained as a whole rather deeply by Ehrlich's htamatoxjlin, 
but particularly around the nuclei. The outer parts of the centrnl cells, 
however, are stained very little, and the deep ends of some of the lateral 
cuboid cells not at all. The network of plasma contains only fine 
granules, and these seem to lie in rows pnrnllel to the long axis of the 
cell. The structure of the outer-layer cells, at a somewhat earlier stage, 
is shown in Figure 18, under a higher magnification. The network ia 
very apparent in these large spherical nuclei, and the plasma of the cell 
ia seen to contain coarse granules, which lie near the nuclei and stain 
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While the cuticula of Figure 1 6 ia seen to be tbat of the normal body 
wall ill this regioQ, that showu in Figures 15 und 16 appears under the 
microscope after staining iD haimatosylin to be of two distinct kinds : 
(1) that outside of the central rygiun, which ia highly refractive and not 
at III! stained; and (2) that which lies imniediately over the central elon- 
gated oeils of the bud, which la also highly refractive but stains deeply. 
Ia fact, the central cuticula resembles in every way that already described 
for tbe tip of the branch, and shown in Plate I, Fig. 6. Moreover, it 
has other points of resemblance to tbe latter. It does not stain at ^1 
in alum cochineal ; the outer boundary of the branch is often uneven 
at this place (Fig. IG) ; and particles of dirt ore often found adhering to 
it, while the rest of the cuticula is comparatively free. The difference in 
Btaiaing properties of the central and lateral cuticulas indicates that the 
former undergoes with age a change in its chemical properties ; the irreg- 
ular outer boundary and the adbcBicn of dirt particles seem to indicate 
that the newly formed cuticula is viscid. The mesoderm of the stage of 
Figure 15 consists of a single loose layer of subspherical cells of the two 
kinds already noticed, reticulated and non-rettculated. The series of 
Figures 18, 15, and 16 shows the behavior of columnar cells in the forma- 
tion of a typical outfolding aa distinguished from the slipping in of cells 
to form the polypide (Figs. 3, 4, imd 5). 

In stages later than that of Figure 1 6, the tip of the branch becomes 
further removed from the body wall of the median branch. The cells at 
the tip always retain their elongated columnar condition. A polypide 
is soon formed ou the upper part of the body wall immediately behind 
the tip, exactly as in the case of the median branch. A septum is 
very enrly formed, cutting off the lateral from the median individual, 
and the lateral secondary branch becomes the median primary one of 
new iudividuala (Plate VI. Fig. 58). 

We have already traced out the origin of the polypide of the median 
branch from tbe mass of cuboidal cells near the tip ; it remains to de- 
termine whether the cells which give rise to tbe lateral branch can be 
traced directly back to tbe cuboidal cells of the tip, or whether they have 
arisen from the flattened epithelium of the general body wall and sec- 
ondarily acquired their plump " embryonic " character. 

Figure 18 ( Plate II.), to the cellular conditions of which I have already 
referred, shows an early stage of the lateral branch, and Figure 20, ffm. I., 
shows on a smaller scale the different cellul.ir conditions in the body wall 
in the region of two lateral bnda which are yet far from showing es- 
temal signa of evagination. The cells are cuboid and much higher than 
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those of the adjacent bodj wall Have tliey lieeo so everj 
derived from tLe tip, or have they secondarily become ^ 
that these cells have never been flattened pavement epithelial cells, 
the following reason. All ectodermal cells of the body wall near the tid 
are ouboidul ; if these cells have only secoudarily acquired this 
they must have pasBed through a stage in which they were flattened epl-^ 
tbelium. Now, if these cells could he distinguished by greater 
from the cells uf the surrounding body wall, at a time at which the lat- 
ter cells had only juat lieguo to emerge from the cuboidal condition to 
become difl'ereutiated into the pavement epithelium of the body i 
would follow that, even though tliey had secondarily increased in 
ft result of an impulse preparatory to evuginatiou, and even though th^ 
would have been at a stage only a very little earlier indistinguishaW 
from the other cells of the body wall, yet they would never have passe 
in this case through a flattened condition, hecaiise at a stage only a v 
little earlier the whole body wall was composed of cuboid cells. 

The conditions which I Lave set as the criterion of our problem 
fau-ly reahzed in Figure 17, which represents a portion of the body v 
of a median branch which extends from tlie gemmiparuus region above b 
the thickened body wall of the nascent lateral bud below (ijm. /.). 
be seen, by a comparison of the body wall of this region with that show: 
in Figure 19, which is taken from the same individual farther from tlu 
tip, that even the most differentiated part of the body wall of Figure 1)S 
is in a relatively indifferent condition as compared with the pavemenil 
epithelium of the ectoderm of Figure 19, in which the mesoderm, in 
has become so thin and iusiguiGcant as scarcely to be visible. We majrd 
therefore, maintain that the ectoderniio cells of the body wall have onlM^ 
just begun to lose their cuboidal condition to become pavenient eplja 
thelium, and therefore conclude, in accordance with the argument juafl 
presented, that the cells of the lateral hud {ffm. I.) hnv 
through a stage in which they were flattened epithelium. It is evij 
dent, also, that the Anlage of the second lateral bud is also derive 
&om near the tip, because, as in Figure 20, we find two lateral regions c^ 
cuboidal cells. 

5. Development or the Body "Wall. 
It is, of course, almost impossible to gain direct evidence upon thsfl 
place of origin and method of development of the body wall, i 
therefore forced to the collection and weighing of cireumstautinl evi-J 
dence. Braem ('90,pp. 127, 128, 131) believes that the body wall (the 
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^Bttd, in Nitache'a aense) has a double origin in Paludicella : " Kin 
'Xheil des Cyatida awai- vor deni Polypid, eiu auderei- alier erst Bpater 
angelegt uud zwar aua der polypoideu Knospe aelbst entwickelt wird." 
The paft developed froni the bud of the polypide is the elliptical region 
of the body wall, whose niaiu a^tis lies in the sagittal plane and which 
has the oeek of tbe puljpide at the distal focus and the attached ends 
of the retractor museles and the parieto vaginal (or pyramidal) muscles 
lying in the proximal circuuifereuce, — the greatest part of the ellipse 
thus tying oral of the atrial opening. The evidence fur this cuuulusion 
Braem finds in the following facCB, which my own observations coniirm: 
" The great retractor first appeal's in the angle between the oral part of 
the polypide bud and the cystid wall [uf. Figs. 23, 24, cl. mu. ret.]; then 
its cells gradually become elongated, and as its point of origin retreats 
farther and farther from the polypide, it finally appears as a bundle 
which Joins a point lying between tbe mouth of tbe polypide [neck of 
the polypide] aud the inferior septum with the pha;ynx, and, as I be- 
lieve, also with the cardial part of tbe stomacb " (p. 125). Compare 
the nmscles at the left end of Plate I. Fig. 6. Further on he says : 
"Die Parietovaginalmuskelu [pyramidal muscles] eracheiuen an der 
Knospe zuerst in Form zweier seitlichen Leisten, in welcbeu die einzel- 
nen jugendlichen Fasern senkrecbt zur Laiigsaxe verlaufen. ludem eich 
alsdann lateral von der Kuospe das Cystid durch Neubiklungen erweitert, 
werden die Fasern verlangert uud die beiden Buudel treten in Fliigelform 
deutlicher zur Rechten iind Linkon der Miindung hervor. Ihr Ursprung 
an der Cystidwand riickt nun von der Miiudung imnier weiter ah und 
gelangt schliesslich auf die gegenUberliegende Seite, wo er annl und late- 
ral seinen definitiven Plata findet." Compare Plate I. Figs. 7-9, mu. pyr., 
and Plate VI. Fig. 63, mu.pyr. From these observations Braem ('90, 
pp. 127, 128) concludes : " So scheint essicher, diusnucb hiereiu grosser 
Tbeil des definitiven Cyatids, das ja zum anderen Thoil schou vor der 
polypiden Knospenanlnge entwickelt war, aus dem Material dieaer letz- 
teren hervorgeht. Das folgt namentlicb ana der Art und Weise, wie 
sich die Muskeln hilden. . . , Auch bier wiirde, wie bei den Phylaa- 
toltemen, oral vor der Knospe naeh dem Retractor bin, ein groseeres 
Gebiet der Leibeswand der Knospeuanlage eiitstammen, als seitwiirts 
und hinten." 

An analysis of the facts has led me to conclusions differing somewhat 
from those of Braem; namely, that all or nearly all of the cells of the body 
wall (cystid) are derived from the tip of tbe braneli or from tbe immodi- 
ate descendants of cells so derived. The number of cells contributed to 
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the formation of the body wall by the neck of the polypide is ronoh 
smiiller than Braem has siiggosted, and probably iuaigniticant in araoiiut. 
The retreat of the points of origin of the retmctor and parie to vaginal (py- 
ramidal) muscles may be in part accounted for by the normal growth iu 
area of the body wall, and in part by the actual movemeut of the point 
of origin with reference to the cells of the body wall. These concluaiom 
rest upon the following aire um stun tia! evidence. 

Owing to the small number of cells iu the body wall at the tip, 
the comparatively alow growth of the cystid, karyokinetic figures 
much less frequent than in the polypide. Quite a long search has tl: 
fore not alTorded cases enough to enable mc to draw any peifectly satis- 
factory conclusions as to just where, and where only, growth was taking 
place. I have, however, seen nuclear division occurring in the elongated 
cells of the extreme tip, rather more abundantly in tbe culwidal cells 
between the extreme tip and the gemmiparous zone, and most abun- 
dantly in the gemmiparous zone, but here evidently having to do with 
the origin of the polypide, muscle cells, etc. Proximal to the gemmipa- 
rous zone, I liave noted few cases of nuclear division excepting about 
the neck of the polypide. It seems probable that the cells of tbe tip 
of the branch are not to be regarded as forming a differentiated organ 
whoso clemenia rarely divide, hut as quite capable of adding new cells to 
the body wall. On the other hand, there is by no means a Scheitel in the 
botanical sense, but the cells added to the body wall continue for a time 
■ to divide vigorously, and finally give rise to the polypide, to the Anlage 
of the lateral branches, and to the body wall. The cells belonging to 
the proper cystid then cease to divide rapidly. 

I have already shown how the cells of the tip secrete a cnticula, which 
becomes gradually replaced by a second cnticula secreted beneath it as 
the body wall attains its adult dimensions. It appears as though the 
first cuticula were secreted by the cells of the tip on}^. This being so, 
since the area of the body wall increases, this first cnticula must either 
stretch to cover the enlarged area, or else it will fail to cover it and 
appear as isolated patches upon the body wall, and these isolated patches 
will become more and more widely separated as the area of the body 
wall increases. This latter condition seems to be the one realized in this 
case. The presence of the old cuticula is easy to demonstrate, since it 
stains deeply in hsematoxylin ; and it may ho easily distinguished from 
that formed later, for with the same reagent this stains not at all. Figures 
6, 11, 12, and 13 show difTerent appearances of the cuticula at different 
parts of the body wall. At the extreme tip (Fig, 6) there is a continu- 
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ous deeply stained band of cuticula. In Figure 1 1 it no longer appears 
quite homogeneous, but is darker at some places than at others. The 
ectoderm is here composed of cuboidal cells. At a later stage of devel- 
opment the ectodermal cells have become very much flattened. A thin, 
unstainable, more deeply lying cuticula has already begun to form, and 
the outer deeply stainable cuticula is seen to be broken up into bits. 
Figure 13 is from the adult body wall. The ectoderm is flattened. The 
inner cuticula has attained a great thickness, and the outer cuticula is 
represented by only a few deeply staining patches. One attains a simi- 
lar result by studying the surface of a stained individual. Figure 10 
shows the condition of the outer cuticula at intervals along the same 
branch from the gemmiparous region a to a nearly adult region, d. The 
bits of cuticula become more and more widely separated and smaller, as 
I have already described in detail on page 7. Here, then, we have not 
merely an interesting case of replacement of one cuticula by another to 
meet the needs of the enlarged body wall by a method which has no par- 
allel, so far as I know, in any other group of animals, but for the specific 
purposes of our problem a criterion of growth of the body wall quite as 
satisfactory as karyokinesis, and much easier of application. 

Let us apply this criterion in our attempt to answer the question, Is 
that portion of the body wall lying between the neck of the polypide 
and the points of origin of the pyramidal muscles (Plate VI. Fig. 63, 
h-a, 6-c) derived wholly from the neck, or is it merely the result of 
interstitial growth of that part of the original cystid which was pre- 
formed in the neck region] If the first condition is true, we should 
expect to find no indications of the outer cuticula secreted by the tip of 
the branch ; if the second, we should, expect to find the outer cuticula 
broken into bits, and underlaid by the inner lately formed cuticula- 
Figure 63 shows clearly the deeply stained outer cuticula here sep- 
arated into bits, and, to my mind, thereby proves that this part of the 
cystid has had an origin similar to that of the rest of the body wall. 
Moreover, a comparison of the portion of the section figured with the 
remainder (and this comparison has been made on many sections from 
several individuals) shows that the parts of the cuticula about the neck 
are indeed rather smaller and farther removed from each other than at 
the opposite side of the branch ; but the difference in this respect is not 
very marked, and may well only signify that there is a more rapid 
growth of the body wall in the vicinity of the neck of the polypide than 
at the opposite side. 

But how then do the points of origin of the pyramidal muscles come 
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gradually to move away from the neck of the polypide at which they 
arose, in order finally to lie so that the muscle fibres are nearly parallel 1 
If the points of origin remain fixed with reference to the surrounding 
cells, they can hardly come to lie absolutely closer together, but only 
relatively so by growth of the body wall between these points and the 
neck. If, however, we find that in older individuals the points of origin 
are not only relatively but absolutely closer together, we are driven to 
the conclusion that these points move relatively to the surrounding cells. 
To decide whether the points of origin come to lie closer together behind 
the neck absolutely or only relatively^ I measured cross sections of four 
individuals through the region of the neck in which the muscle fibres 
showed evident differences of length, and therefore of age. I may 
preface a table of these measurements with the statement that the mus- 
cles first appear plainly differentiated at a stage w^hen the polypide is 
well formed (Fig. 7, mu, pyr,\ and that the growth of the body wall in 
circumference is not very considerable after this time. The numbers 
indicate measurements in micra: — 

Distance on periphery between origins of mus- ^°' ^' ^°- ^ ^®- ^' ^^- *• 

cles, atrial side 150 164 187 260 

Distance on periphery between origins of mus- 
cles, abatrial side 297 286 264 220 

Total length of periphery 447 440 461 480 

The distance on the "atrial side" signifies the distance measured over 
a, 6, c, Figure 63 (Plate VI.). The length of the remainder of the sec- 
tion is the distance on the " abatrial side." 

From these measurements it appears that the " origins " of the py- 
ramidal muscles approach each t)ther absolutely, — a condition which 
Braem's hypothesis cannot explain, and which can be reasonably inter- 
preted, it seems to me, only by assuming, however unique and diflBcult 
of conception such a condition may be, that the points of origin move 
relatively to the surrounding cells of the body wall. (Compare also 
the movement of parietal muscles referred to on page 29.^) 

It is not necessary to assume that the increase in extent of the body 
wall after the polypide is first formed is due to the addition of cells from 

1 Professor Mark has called my attention to a discussion of the movement of 
the fixation-point of a muscle in MoUusks by Tullberg ('82, pp. 26, 27, 44). This 
author says that he has undertaken no special investigation of the method of 
migration, but concludes that this motion must result from the absorption of the 
inner muscle fibres as new ones are formed on the outside. I do not find any 
evidence of such a process in Paludicella. 
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the neck. The change in form of the ectodermic cells from a columnar 
to a pavement epithelium must alone cause a great increase in the ex- 
tent of that layer. Some measurements that I have made seem to me 
to prove that the area of the body wall does increase greatly, even out- 
side the region whose growth Braem attributed to the addition of cells 
from the neck of the polypide. Thus, in one case, the distance from the 
distal end of the polypide bud, which becomes the neck of the adult, 
to the point of origin of the young retractor muscle was 0.17 mm. ; from 
the same point to the septum separating the young individual from the 
next older was 0.27 mm. In the next older individual, from the neck to 
the origin of the retractor muscle was 0.72 mm. ; from the neck to the 
septum was 2.0 mm. Thus assuming that the older individual passed 
through a stage exactly equivalent to that in which we find the younger, 
the distance from the neck to the origin of the retractors has increased 
0.55 mm., and from the origin of the retractors to the septum 1.18 mm. 
The first distance is that in which Braem has assumed the body wall to 
grow by additions from the neck of the polypide, and this assumption was 
apparently made to account for the increase in extent of this region ; but 
the area between the origin of the retractors and the septum, which is 
outside the region to which additions such as Braem contemplates could 
have been made, has grown in this case very considerably more in extent. 
This case is not a typical one, however, for we rarely find the distance 
from the origin of the retractor to the septum to be so great. In gen- 
eral, from observation of a number of cases, I should say that in the 
adult the distance between the neck of the polypide and the origin of the 
retractors, is to the distance between the latter and the septum about as 
5 : 4, and that therefore the growth of the first region is slightly greater 
than that of the second. From the fact, however, that the cells around 
the neck of the polypide for a long time retain a somewhat embryonic 
character, and may quite frequently be seen in division, this was to have 
becQ expected. The conclusion which I draw from this last series of 
conditions is, then, that it is unnecessary to suppose the addition of cells 
from the neck of the polypide to account for the fact that the origin of 
the retractors is carried backward from the polypide. Normal growth of 
the body wall, such as occurs elsewhere, is quite sufficient to account 

for it. 

To recapitulate. That portion of the cystid lying in the vicinity of 

the neck can hardly be derived from the neck alone, for the cells still 

show adhering to them the cuticula which they derived from the tip of 

the branch. It is not necessary, in order to account for the movement 
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of the origins of the muedeB away irom tbG neck, to suppoee that 4 
circmncerrical region ia derived in that way; for (1) the origiua of t 
pyramidal muaolea actively migrate away from the neck to a 
exteiitj and (2) the normal growth of the body wall ia Bufficient ti 
count for the cnrrjing liaokward of the origin of the retractors. 

From the facta already gained it eeenia clear that the ectooyet (cuticul 
is fii-st formed at tiie tip, and then, to meet the wants of the growtn 
colony, this ia replaced later by a cuticula of different chemical coi 
sitiou, which hecomea thicker as the body wall grows older. At a 
stage we hnd a separation of the thick cuticula itself into two layers^ A 
which the outer one is much the more highly refmcfcive.' (Plate 3 
Fig. 13 ; Plate III. Pigs. 26, 29.) 

6. Development op the Poltpide. 

IVe have already (pages 8, 9, Figs. 6, 14, 37) seen how the foundatioi 
of the polypide are laid by the ingresaion of cella of the outer layei 
the body wall pushing before them the mesoderm, and how, finally, thai 
cella arrange themaelves in a boat-shaped mass to form the inner laydj 
of the bud (Plate III. Fig. 21), which possesses no actual cavity, i 
is constantly separated from the esternal world by the ectoderm wfaia| 
remains behind to form the neck of the polypide. Even whei 
ia formed later, it does not communicate with the exterior until 1 
permanent atrial opening haa oriaen. The earlieat differentiation in t 
bud is, as mentioned by Allmann ('56, p. 36), the formation of a QBTi^ 
which ia to become that of the atrium. This cavity ia first fon: 
at an early stage aa an extremely slight fissure in the midst of the ini 
layer. Figure 22 ehows a longitudinal section of this stage. Cell ( 
vision ia taking place throughout the whole mass, but especially at t 
neck of the polypide, cm. pyd. The position of the cavity is represent^ 
by the central non-nucleated space, and this gives rise, as the later li 
tory of development shows, to the atrium and the pharynx.. 

Figure 23 represents a stage which is doubtless of short duration, % 
I have found it only twice. The biid ia much more developed at \ 

1 Such a two-layered condition of the cuticula was long ago flescribed by Heichert" 
(70, pp. 265, 266) for Zoiibotryon. He diBtinBaiahed " eine aussere, festtre, starker 
lielitbrecliende and eprodere Scbicbt und die inners uiekhere." Healizing that llie 
"ectocyet" or cuticula andergoei many changes in form, — formation of lateral 
buds, o( eeptgi or commnuiciitioii platea, and increase in size of the stolon, — he 
snggested, without bating observed the process, that probably during theae 
clianges tlie more rigid outer layer disappeared and was replaced by the inner 
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anal end than in the last stage, and there is a second cavity below the 
atrium, from which it is separated by a line of nuclei. This is plainly 
an early stage in the formation of the alimentary tract, which thus first 
appears at the anal side of the bud, as in Phylactolsemata, and is progres- 
sively formed towards the oral end. An appearance similar to the one 
figured would be given by a slightly oblique section of a later stage; but 
this section is strictly sagittal, and no trace of the lumen appears in adja- 
cent sections. I have found a similar condition in a series of longitu- 
dinal sections at right angles to the sagittal plane of the bud (Plate IV. 
Figs. 39 and 40). Figure 39 shows that the atrio-pharyngeal cavity is 
first developed at the anal end, and in Figure 40, which is three sections 
(about 15 //. ) below Figure 39, the anal end only of the alimentary tract 
is formed. It is worthy of notice that the cells of the mesodermic layer 
of the bud are often greatly vacuolated at this stage, as in Figures 39 and 
40, vac, Braem ('90, p. 126) says of this stage: "Die der Resorption 
dienenden Darmabschnitte, Magen und Enddarm, werden gemeinsam an- 
gelegt, indem auf jeder Seite der Knospe eine Langsfalte die Wandungen 
nach innen und gegen eiuander zu einbiegt, worauf die benachbarten 
Theile des inneren Blattes verschmelzen und so durch eine Art Abschnur- 
ung das primare Knospenlumen in den vorderen Atrialraum und die 
hintere Darmhbhle getrennt wird." While I thoroughly agree with this 
statement, the additional fact of the formation of the tract progressing 
from the anal towards the oral end is interesting, in that it shows that the 
process of formation of the organ in Paludicella is fundamentally similar 
to, although differing slightly in detail from, that of the PhylactolsBmata. 
Figure 24 shows in sagittal section a still later stage in the development 
of the alimentary tract. A cross section of this stage is seen in Figure 
30 (Plate IV.), in which the separation of atrial and gastric cavities is 
demonstrated. Tlie inner layer of the bud is here seen to be separated 
from the ectoderm by a distinct line, and, to a certain extent, even by 
the mesoderm. The distal (oral) part of the cavity of the alimentary 
tract next becomes considerably enlarged to form the stomach (Fig. 25). 
The outer layer of the bud, midrm., penetrates between the stomach 
and the atrium, and a depression is formed at the bottom of the atrial 
chamber which will give rise to the oesophagus. Even at this stage the 
oesophagus is not in communication with the stomach, but their cavities 
are separated by two layers of cells of the inner layer of the bud. These 
two layers become those of the cardiac valve (Plate IV. Fig. 36, vlv, cr,). 
By a further comparison of Figures 25 and 36 it will be noticed that, 
whereas in the earlier stage, as in Endoprocta, there is no coecum to the 
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alimentary tract, in the later stage the ccccum haa already begun to form, 
aa iu Phylactolicmata, by an outpocketiDg of uearly the wbolc of the 
lower wall of the atumach. (Compare also Plate I. Tigs. 7, 8, aud 9.) 

Very soon after the eatabliahoieiit of the alimentary tract, and between 
the Btagea shown iu FigureB 2i and 25 in aa^ttal section, there begin 
to appear oi^ana which have a very considerable phylogenetic aignifi- 
cance; namely, the lopbopborio ridges, ring canal, and tentacles. 

The lajikopkoric ridge is a fold which surrounds the mouth, and from 
which at intervals tentacles arise. The ridge, however, arises before the 
tentacles. The general position of the ridge, as well as its method of ori- 
gin, may be learned from an iuspectiou of a series of sections of the age 
of those shown in Figures 31—34. In a section lying near the oml 
end of the bud (Fig. 33), one finds two spaces, — a lower, which is that 
of the stomach, and an upper, the assopbagus and atrinm. This upper 
space is broader above than below, aud the cell layer which lines it is 
thick below, but above, or nearer to the body wall of the budding 
individual, it is thinner. The transition from one condition to the 
Other is quite abrupt, and is marked by a salient curve (lupk.). In a 
section near the anal end of the bud (Fig. 31), it will be seen that here 
too the inner layer is thick below and thin above. The characters men- 
tioned are still more strikingly sliown iu the mediau section, Figure 32. 
That the differences in thickness of diffureut parts of the inner layer are 
recently acquired modifications of an earber simpler condition is indi- 
cated by comparing Figure 32 with Figure 30, which is from a younger 
bnd. The series of points (lopA.') of transition from thick to thin epi- 
thelium forms on the reconstructed polypide a curved line, convex, above. 
This line is the ridge of the young lophophoro (compare Fig. 25, loph.), 
I have said that the lophophoric ridge arises before the tentacles. The 
evidence for this assertion is found in a series like that referred to above, 
where, although the ridge exists along the entire side of the atrium, 
one finds nascent tentacles in the middle region only (Figure 33, left 
band). 

As Figure 25, of a later stage than Figures 31-33, shows, the lophi^ 
phore curves downwards rapidly at the anal end, so that it here lies a 
right angles to the asis of the rectum, but does not extend at all beyond 
the anus. Orally, there is in the median plane only the slightest t 
of the lophophoric ridge. By the formation of this ridge in the wall ( 
each side of the atrial chamber, the original atrio-pharyngeal cavity fail 
become separated into two regions. The space lying within or below tU 
ridge forma the pharynx and the intertentacular space; that lying withi! 
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out and above, the atrium of the adults (Plate III. Fig. 25 ; Plate IV. 
Fig. 32, atr.) Since the lophophore curves rapidly downward to the 
anus and does not extend behind it, the act of cutting off the lower part 
of the atrio-pharyugeal cavity from the upper (atrium proper) does not 
continue behind the anus, which therefore opens directly into a part of 
the atrium. This part has the form of a compressed funnel, and is 
bounded behind and laterally by the kamptoderm, and orally by the 
hinder ends of the lophophoric ridges, and also, since the latter do not 
meet in the median plane, by the pharyngeal cavity. Thus it has come 
about that the anus, which at first opened into the common atrio-pha- 
ryngeal cavity of the bud, has now, in the separation of the two regions, 
come to lie near their point of division posteriorly, but to open distinctly 
into the atrial cavity. The more pronounced separation of the part of 
the atrial cavity into which the anus directly opens from the remainder 
of the atrium takes place much later, and will be described further on. 

In Figure 33, the ring canal (can, crc) is seen to be already formed. At 
this stage it is found on one side only, the left, if one looks at the poly- 
pide from the tip of the branch. It occurs in only four sections (each 5 ft 
thick), being found on the next section behind Figure 33, and on two sec- 
tions nearer the oral end. At its oral extremity, it terminates blindly 
as a thickening of the outer layer of the bud ; at its anal end, one sees 
cells of the outer layer extending out partly over the canal, but failing 
to enclose it ', in the next section the mesoderm is undisturbed. In sim- 
ilar sections of an older polypide (corresponding in age approximately to 
Plate IV. Fig. 35), the canal is found on both sides, and near to the oral 
end, but at about the middle of the series (cf. Fig. 35) it is found to 
open again into the body cavity. I therefore conclude that the ring 
canal makes its first appearance at the base of the lophophore in a 
region just oral of the middle of the polypide. Exactly how it arises, 
whether by a growing together of the lips of a shallow furrow formed 
from the mesodermal layer, or by the formation of a pocket, which, elon- 
gating, penetrates between the inner and outer layers of the polypide at 
the base of the nascent lophophore, I have not been able to determine. 
Two facts induce me to believe that the later formation of the canal 
oralwards results from the penetration of a sac-like mass of mesodermal 
cells between the two layers of the polypide at the base of the nascent 
lophophore. One usually finds, (1) as in Figure 33, can. crc, a double 
mesodermal wall between the lumen of the canal and the coelom, and 
one layer between the former and the inner layer of the bud; and 
(2) at the oral blind end of the ring canal a number of loose cells 
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(occasionally dividiDg) representing the blind end of the pocket asd 

lying between the inner and outer layera, both of which are intact. 

Braem (*90, p. 60) deBcribes the fonnation of the ring canal in Phylac- 
toltemata as taking place in the manner just suggested for Paludicella. 
His studies were made, he saya, preferably on statoblast animals. Nitache 
('75j p. 358) concluded that in Phylacto]a;mata the ring canal was first 
a fun'ow, whose lips fused, and my own study ('90, p. 139) has led me to 
tho same conclusion. Since reading Braem's account I have looked over 
some of my own sections of Criatatella again. Certainly the process is 
not so clear in tlie buds of the adult colony as in the statoblaat embryo 
which Braem figures. Nevertheless the series of sectiooa {'90, Plate IV. 
Figs. 33-38) given as evidence of my statement still seem to me capable 
only of the conclusion I drew from them. Perhaps the processea may 
bo different in detail in the two cases ; certainly the two explanations 
are not fundamentally dissimilar. 

The ring canal being established in the oral part of the polypide, it 
grows forward, as I have said, and, secondarily, the canals of both 
sides meet in the median oral line and their lumina hecome coiiflueDt 
(Plato VI. Fig. 52, can. ere.). From what has already been said, it is 
clear that the lateral parts of tho ring canal ai'e not now continuous 
with eauh other behind. They become so only after the formation of 
the tentacles. 

The tentacles arise upon the lophophoric ridge at a stage a little later 
than that represented in Plate IV. Figure 33. At the stage n 
by Figure 35, however, the tentacles have begii 
the fact that in the series from which this figui 
the npper part of the atrium appears now dee 
as the section passes through tho length of i 

through the lophophoric ridge between the tentacles. The position of 
the section (Fig. 35) is about the middle of the series, corresponding 
to Figure 32. 

By a comparison of Figure 35 with Figure 32 in reapect to the tenta- 
cles, it will be apparent, first of all, that the lophophoric riilge itself has 
been heightened and that this heightening has been eiTected, not by a 
deepening of the fold existing in Figure 33, the lips of the fold remain- 
ing quiescent, but by a movement downwards of the outer lip (*) of the 
groove which is to form the ring canal. The movement is of course ac- 
companied by an increase in the length of tho kamptoderm, hmp. dr-m. 
This growth of the lophophoric ridge naturally does not result in making 
the tentacles project farther above the ridge. Their elongation must 



a to form, as indicated by 
■e WM taken the fold into 
p, now shallow, according 
. young tentacle, or only 
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take place quite independently of the formei^s. The lophophoric ridges 
have now become elongated folds lying upon the right and left of the 
polypide, which at this stage has a very compressed appearance (Plate IV. 
Fig. 41). The folds occupy the position of the ridges, and therefore do 
not lie throughout their whole extent in one plane, but oral wards are 
nearly parallel to the body wall (Plate III. Fig. 25), analwards trend 
nearly at right angles to it. It results from this fact, that one cannot 
see the anal tentacles when looking at the polypide from the side of 
the body wall to which it is attached. Figure 41 (Plate IV.) shows also 
that no tentacles have yet made their appearance at the oral ends of the 
two lophophoric ridges.^ The tentacles are here seen to be arising in 
two long rows, and so that those of one row are placed opposite the in- 
tertentacular spaces of the other. There are six tentacles in each row. 
The rows are not continuous with each other oralwards or analwards. 

The separation of the atrial and oral cavities, begun by the first 
formation of the lophophore, is, now that the tentacles have arisen, much 
more pronounced. Other changes now occur in this region, which pro- 
duce an extensive modification in the form of the polypide. 

One of the first of these changes is the close approximation and 
finally fusion of the anal extremities of the lophophoric ridges oralward 
of the anus. A stage in this is shown in Figures 43 and 44 (Plate V.), 
which are sections in the position of the lines -^, 44f of Figure 25 
(Plate III.), but through a slightly older polypide than that represented 
by Figure 25. The section shown in Figure 43 passes across the rec- 
tum, grazes the outer lip of the ring groove of the anal tentacles, and 
finally cuts, nearly longitudinally, one of the middle tentacles of the 
row. The two lophophores are not yet completely fused in front of the 
rectum. In Figure 44 (compare Plate III. Fig. 25, 44) this break in 
the continuity of the lophophore is more prominent. 

By the completion of the union of the lophophores in front of the 
anus, the rectum is quite cut off" from communication with the inter- 
tacular space. It now opens only into the thin-walled, funnel-shaped 
depression of the atrial cavity. 

Pari passu with this operation the stomach and rectum are being 
more completely separated from the pharyngeal cavity by the penetra- 
tion of a double layer of mesoderm between these regions from each side, 
and a fusion of the corresponding layers of the two sides. Finally, the 

1 Compare Plate IX. Figure 77, which is a superficial view of the young lopho- 
phore from Flustrella, in which the process is similar to that in Paludicella, only 
the down curying of the anal tentacles occurs later than in the latter case. 
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walls of the atomnob and pharynx become separated from each other by 
a part of the cojlomio cavity, as iu Plate IV. Fiyure 30. This process 
of separation of the alimentary tntut pruiieedg aualwurds, and Kually the 
roctum is far removed from the ceaopliBguB. 

The anus thus comes to lie farther outside of the anal ten) 
Finally, the ring canal, ivhich is formed progressively farther and farti 
analwards, follows the fusion of the anal ends of the lophophores, 
thus completes the canul behind the teeophagaa. (Plate IV. Fig. 
Plate VI. Fig. 63, can. crc.) 

The anal part of the ring canal is doubtless not merely a groove, 
but a tube ; but the ring canal is not closed at thia, and probably not 
at any stage throughout its eutire extent, for in Plate VI. Figure 62, 
two sections below Figure 53, an opening is shown to exist oa each 
side (at can, ere.'), putting the cavities of the ring oanala and the 
ccelom into communication with each other. These openings lie at 
the sides of and slightly above the ganglion {gn.. Fig. 52) ; a [tositit 
exactly comparable with that of the openings iu the riug canal of 
luctolujinata, which leads from the ccnlum into the lophophoric arms 
the one hand, and into the circumoral part of the ring can^ on 
other. 

By a comparison of Figure 41 (Plate IV.) with the sections shown 
Figures 60-62, it will be seen that the row of tentacles has underj 
a change of form ; from being laterally compressed, it has become 
cular. This change of form has not resulted from an 
number of the teutiicles, for at the stage of Figure 41 there are six 
taclea on each side already formed (the sixth not visible), and thi 
are in front of the mouth spaces already reserved for the two additii 
tentacles. There aro also, probably, two nascent tentacles at the am 
although these are little developed, making a total of 16. Iu Figure 
there are only 13 tentacles ; moreover, the actual diameter of the 
tacular corona in the sagittal plane is less than at the earlier s 
of Figure 41. This change of form is perfectly normal, all yoi 
polypldes having tentacles arranged in two parallel rows, and odi 
polypidea having a circular lophophore. 

These changes in the form of the tentacular corona are correlati 
with important changes in the direction of the axes of other orgai 
These changes may be understood by comparison of Figures 25 and 
together with the assistance of Figures 7-9, all of which are orieni 
in the same manner. In Figure 25 the points fixed by the cardiac vali 
iiiv. cr.) and anus (an,.') lie in a Hue which is approximately parallel 
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the body wall. In Figure 36 the line passing through the same points 
makes an evident, but not very large, angle with the body wall. This 
line has undergone, then, a slight change of position only. The axis* 
of the anal tentacles lies in both cases nearly parallel to the body wall, 
and so does the neural wall of the pharynx. The oral tentacles, on the 
contrary, whose axes in the earlier stage are directed perpendicularly 
to the body wall, lie in the later stage with their axes parallel to the 
wall ; and the base of the lophophore, which in the earlier stage trended 
at its oral end parallel, at its anal perpendicular to the body wall, in 
the later lies throughout its whole extent in one plane perpendicular 
to the body wall. The axes of the oral tentacles have rotated through 
an angle of nearly 90° relatively to most of the other organs of the poly- 
pide. The cause of this rotation must evidently be sought in unequal 
growth in difiFerent parts of the polypide. A comparison of the length 
of the kamptoderm on the anal side in Figures 25 and 7 indicates 
that it has grown more in length than on the oral side. This excessive 
growth would tend to rotate the line vlv, cr. — an, to a position perpen- 
dicular to the body wall. Since this rotation has not occurred to so 
great an extent as was to have been expected, we must look for a com- 
pensating growth on the oral side of the polypide, between vlv. cr, and 
the neck of the polypide, which shall be nearly equal to the excessive 
growth of the anal kamptoderm, and which must be outside of the oral 
kamptodem. These conditions of location are fulfilled only by the 
oral wall of the oesophagus, and it' is by change of position and growth 
of this wall that the extension of the anal kamptoderm is nearly com- 
pensated for on the oral side of the polypide. By this growth in the 
wall of the oesophagus the oral part of the ring banal has been brought 
to lie over the anal part, the sagittal diameter of the tentacular corona 
has been reduced, and the compressed lophophore has been transformed 
into a circular one. 

Concerning the number of tentacles, Dumortier et van Beneden (*50 
p. 46) observe that in the adult there are ordinarily 16, although 
individuals with 18 tentacles occur not infrequently, an observation 
which Kraepelin ('87, pp. 98, 99) confirms. In addition to these num- 
bers, I have found 15 and 17. The growth of the odd tentacle is quite 
interesting. The sections reproduced in Figures 60-62 (Plate VI.) will 
serve to illustrate a condition which I have quite frequently found in 
a polypide with 17 tentacles. In this particular series there are only 
15 tentacles. The successive sections abundantly demonstrate that 
the odd tentacle ('**') is anal in position, and that it is younger than any 
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of the others ; thus in Figura 61 its tip is cut, in Figure 60 there are 
only 14 tentacles visible, anil these are found in tlie twu fullgwing sec- 
tions. Since there are six sections which pass through the teutaole^ 
and the odd tentacle ia found in on!y three of these, it follows that ^M 
is only about one half as long oa the others. ^M 

The nervous i^item arises, as in PhylactoliEumta, by a depression ^fl 
the lloor of tlie common atrio-pbaryngeal cavity, in the region which luter 
becomes the anal Enrfaco of the pharynx. As in rhylactolosmata, ws 
first see a shallow pit (Fig. 25, pi.). This oppears to beiiome deejier, 
sinking downward and somewhat toward the cardiac valve (Fig. 78, gn.\i 
Finally it becomes constricted ofl' from the wall of the oeeophagua, am 
then appears as a cellular mass closely attached to it and surroundat 
exteriorly only by mesoderm. (Plate I. Fig. 8 ; Plate VI. Figs. 
63, ffn.) Even before the closure of the ganglionic pocket is completad 
the formation of the circnmceaophageal nerve, first described by i 
pehn ('87, pp. 62, 63) in the adult, begins. 

Figure C2 (Plate VI.) shows a transverse section of a young polypi^ 
in which the ganglion is solid, and not provided with a large cavity t 
in Fhylactoliemata. There is a small cavity in the upper part of tn 
ganglion, and this is not yet wholly closed from the oesophagus, 
ganglion is continuous with a pair of hornlike processes (n.) whin 
partly enclose the cesopbagus, and at a later stage do so 
(Plate rV. Fig. 36, k'.) The cells of these horns are found dividing ijj 
unusual abundance. The horus lie next to the digestive epithelium 
and betweiin it and the mesodermal lining of the ring canal. Fro 
melhod of growth, and from the sharp line of separation betwee 
tips of the horns and the surrounding tisane, there can be little doutj 
that the circumcosophagaal nerve of Faludicella, like the lophophot 
nerves of Phylactolaamata, arises as an outgrowth of the brain. 

Serial sections show that the ganglion suddenly diminishes in 
immediately helow the point at which the circumoral nerves ariso, 
one can trace a layer of cells continuous with the brain downwards f<^ 
ten or fifteen micra farther, to near the cardiac valve. At this 
one can still see nuclei of a third layer lying between the digcstiv 
thelium of the valve and the mesoderm. It seems to me, therefore 
that this may be regarded as a gastric nerve, which seems to originate 
by a single root and later to give rise to two nerves, one of which li^ 
on either side of the cardiac valve. 
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7. Origin of the Muscles. 

a. Retractor, — After its first formation the bud becomes elongated 
in the direction of the axis of the branch. The derivation of this elon- 
gated stage from the much shorter earlier one might be effected in one 
of two ways : either, first, by the ingression of cells from the ectoderm 
at points successively more and more remote from the point of primary 
invagination, the additions to the length of the bud being made by a 
continuation backwards of that process by which the first foundations 
were laid ; or secondly, by cell proliferation at the point of first invagi- 
nation pushing the oral end of the buds farther and farther from the 
neck of the polypide. 

I think there can be little doubt that the second is the method 
by which the bud becomes elongated ; and for the following reasons. 
(1) The oral end of the bud, on the supposition of continued invagina- 
tion of the body wall, should become very gradually of less diameter, and 
transverse sections at that end should exhibit the ingression (potential 
invagination) of cells which were observed in the earliest stage ; but 
as a matter of fact the oral end is abrupt (Plate III. Fig. 22, 23, Or.), 
and no stages of ingression are to be found there. (2) On the first 
assumption, the inner layer of the bud should be at all points in equally 
close relation to the ectoderm of the body wall ; on the second, the 
inner layer should be closely connected with the ectoderm at the neck 
of the polypide (Plate III. Fig. 22, cev, pyd,), but elsewhere it should 
be sharply separated from it. As a matter of fact, a sharp line can 
be distinguished, in a sagittal section, separating the inner layer of the 
bud from the overlying ectoderm at all points except at the neck (anal 
part) of the polypide (Plate III. Figs. 22-25). Moreover, cross sections 
of the anal part of the bud show the inner layer passing directly into 
the ectoderm, and oralward the outer layer of the bud tends to pene- 
trate more and more between the ectoderm and the inner layer. 
Therefore I conclude that the inner layer of the bud is constantly 
augmented by cell proliferation in its mass, and especially at the neck 
of the polypide, and this explanation also accounts for the active cell 
proliferation observed at the neck in Plate III. Figure 22, cev. pyd. 

Since the polypide later becomes attached to the body wall by the 
comparatively narrow " neck " only (Figs. 7, 9, cev, pyd.), a separation of 
the oral part from the body wall has to take place. This process begins 
at the oral end. In its earliest stages it is indicated by the sharp sep- 
aration of the inner bud-layer from the overlying ectoderm, and the 
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partial penetration of the moaoderm on each side into the space betweai 
tLeae two Liyers (Pkte IV. Fig. 30, me'drm.). At a later stage the 
mesoderm may be seen as a, single cell layer lying between the ectoderm 
and the inner layer of the bud midway between the oral and anal ends 
(Plate IV. Fig. 33, mg'dmt.), and ua a double cell layer at the oral enil of 
the bud (Fig. 34, me'drm.'). It is from these cells at the oral end of the 
bnd that the retractor muscles are to arise (Plate III. Figs. 23-25, el. 
mil. ret.). As the oral end of the kamptoderm and ojsophagiia to irhich 
their inner ends are attaohed moves away from the ectoderm, and aa the 
area of the latter itself increases, the two ends of the cells move farther 
and farther apart, and the young muscle cells become drawn out into 
spindle-shaped muscle fibre B. (Plate III. Fig. 26, d.mu.ret.; Plate IV. 
Fig. 36, mu. ret.) The retractor thus arises unpaired and remains so 
at itB origin, but nearer its insertion in the ring canal and ffisophagua 
one can distinguish a division into right and left masses. The adult 
muscle fibres consist of two parts at least, the inner contractile portion 
and an outer less modified protoplasmic portion, which can be traced 
over the whole of the first part, but is most evident around the nucleus, 
where it has a granular appearance. 

6. Pyramidalia. — At about the stage of Figure 25 (Plate III.) one 
finds, on cross sections of the branch which pass through the neok of the 
polypide, that the mesoderm of the body wall on each side of the neck 
is greatly thickened, and that its closely packed cells, which lie three 
or four deep, have become somewhat elongated. Cell division is qnite 
common in the ectoderm of this region, and by it the area of the circum- 
oervical region is increased and the two ends of the muscle fibres are 
carried farther apart, one end remaining attached to the neck of the 
polypide and the other moving towards the abatrial surface. I have 
given reasons above (page 16} for believing that the abatrial ends of the 
muscles are not carried towards the abatrial side passively, and solely by 
the gi'owth of the body wall, hat that the ends move relatively to the 
cells of the body wall. A somewhat hite stage in the development of 
the pyraraidalis is shown in Figure 63 (Plate VI.). Nearly the whole 
of the mesoderm of the body wall has here been transformed into 
muscle cells. The insertion of the muscles is in the mesoderm of the 
neck of the polypide. (Plate VI. Fig. 63 ; Plate V. Fig. 45.) 

c. Parietal m«sc/cs first make their appearance at about the stage 
of the terminal individual of Plate II. Figure 14, immediately below 
the bud and to the right and left, i. e. so that the muscles, which 
usually arise paired, have their long axes parallel to the sagittal plane 
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and perpendicular to the long axis of the branch. They arise from cells 
of the mesoderm, most of which in this region are filled with vacuoles, 
and often project into the coelom. But in my opinion the muscle cells 
do not themselves arise from such vacuolated cells, for at even an earlier 
stage (corresponding to Figure 21, Plate III.) one can distinguish thick- 
ened patches of elongated cells in the mesoderm which are undoubtedly 
the young muscle cells ; but they do not show the slightest traces of 
being vacuolated, and in fact are sharply distinguished from the adjacent 
cells by their uniformly granular appearance and their deeper coloration. 

Braem ('90, pp. 124, 125) has already stated that the parietal muscles 
arise in pairs, and come to traverse the coelom, not remaining in the 
body wall. The truth of this statement I can confirm in the case of 
the parietal muscles first formed, which lie near the future septum. 
Plate V. Fig. 42 shows the origin of the muscle fibres on both sides 
of the branch. They have already migrated into the coelom. As Braem 
plainly states, the component parts of this pair of muscles, developed 
from the mesoderm, migrate towards each other and finally fuse into 
one unpaired mass, as we see in Plate III. Figure 26. It is perfectly 
evident, in this case stt least, that both ends of two muscles originating 
far apart migrate in some manner towards each other so that the cor- 
responding ends come to lie close together. Such a migration cannot 
be accounted for merely by growth of the body wall. The ends of the 
muscle fibres must move relatively to the body wall. 

When the muscles have reached their permanent positions in a 
diameter of the branch, we find their ends attached to the cuticula. 
As the muscle fibres stain deeply in hsematoxylin, they can be distinctly 
traced through the vacuolated and poorly stained cells of the body wall 
(Plate III. Fig. 26). Figure 29 shows a bit of the wall mechanically 
separated from the cuticula, the end of the muscle fibre remaining in 
place. Fine lines can be distinguished in the contractile, deeply stain- 
ing portion of the fibre. The surface by which attachment is effected 
appears very slightly crenulated on longitudinal sections of the muscle 
fibre. I could not distinguish any structural peculiarity on the part 
of the cuticula to which the muscle was attached, — nothing to indicate 
how attachment is effected. 

Freese ('88, pp. 15, 22, Fig. 11) has described a similar method of 
attachment of the muscles to the cuticula for Membranipora.^ 

1 My friend, Dr. G. H. Parker, tells me that a similar method of attachment of mus- 
cle fibres to the cuticula occurs in Crustacea. According to Tullberg ('82, pp. 27, 44, 
45), the adductor muscle fibres are in MoUusks attached to the cells of the ectoderm. 
The same condition as in MoUusks seems to exist in Annelids (Eisig, '87, pp. 25, 86). 
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At a. later stage smaller bundles of muscles arise suocesaively towa«i 
the ueck, Thene muacles are free from the body wn.ll at their middle 
re^'ion. They do not usually pass through the colom iu a diameter of 
the branch, however, but rarely subtend as chords an arc of more than 
120°. Aa Braem supposed, such muscles, although arising later than 
the most proximal pair, originate in n similar manner to them (Plato 
VI. Fig. 55). The mesoderm ia very thin at the region at which they 
are first seen, aud they are quickly discerned by their larger nuclei 
and prominent cell body. At a later stage they have grown much 
longer, and become freed from the body wall at their middle part. 

Aa is well known, there are two faniciiU in Paludicella, called by 
Aliman respectively anterior (nearer the atrial opening) and posterior. 
The origin of the funiculi of Paludicella was observed by Dumortier 
et van Benedon as long ago as 1850, They say {p. 54), "La couche 
mnqneuse une fois formi^e s'etcnd rapldcment dans I'intffrieur et touche 
bientflt par son extremity inferieuro les parois opposeea do la loge. 
Les cellules muqueuses dont le tout est encore compost contractent de 
I'adhi^renco dans cct endroit, et o'est ce qui denne naissance an muscle 
ritracteur de I'estomac [= funiculi]." Ailman ('56, p. 36, Plate XI. 
Figs. 7—9) also describes and figurea very clearly and correctly this pro- 
oesB, and Braem ('90, p. 127) has recently confirmed their ohservationa. 

It ia perhaps unnecessary to rodoscribe the more evident part of 
this proceas, the contact of the polypide with the abatrial wall of the 
branch. The mesoderm of the bud comes into contact with that of 
the body wall, the cells of each of the two layers become attached to the 
other, and by the withdrawal of the pnljpide the attachment persists 
at two points forming a long drawn out string of tissue. Figures 36' 
and 38 (Plate IV.) are contributions to a knowledge of the finer details 
of this process. Apparently the upper funiculus is developed earlier 
than the lower, aa I have always founil it longer at about this stage. 

I The lower fiiniculus at present conaiata of only the two meaodermal 
layers of body wall and polypide intimately united. The funiculus 
itself conaiats of a cnrd several oella thick ; but 1 believe tlieae cer- 
tainly to l>e derived from the mesoderm only. Very early some of 
theae cells ahow an appear.ince of highly refractive and deeply staining 
fibres, which I interpret as muscular differentiation (Plate IV. Fig. 38, 
fun. sw.), so that the funiculi must be regarded as partly muscular 
in function. As in Phylactoliemata, theae fibres lie near the axis of the 
funiculus. Braem ('90, pp. 66, 67,) has demonstrated that the muscular 
fibres of the funiculus of Plumntella pass directly into the muaculai 
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of the body wall. It is iateresting to find them persisting in the fu- 
niculus of Paludicella, beneath the mesodermal covering, although there 
is apparently no muscularis developed in the body wall of this region. 

8. The Formation op the Neck and Atrial Opening. 

This is the last act in the history of the polypide that I shall con- 
sider. The body wall around the neck of the polypide continues to 
possess a less differentiated character than the remaining portion for 
some time after the oral tentacles have undergone their revolution. 
One still sees the cells of this region dividing, and the body wall is 
gradually protruded at this point above the general level (Plate II. 
Fig. 14, cev.pyd.) The neck of the polypide to which the kamptoderm 
is attached consists, at a somewhat earlier stage than that just referred 
to, of a disk of greatly elongated columnar cells in the centre of which 
there is a distinct notch caused by the presence of shorter cells at that 
point. (Plate VL Fig. 63 6.) At the inner ends of the columnar cells 
of the neck lies a flat epithelium quite sharply marked off from the 
latter, but which is nevertheless undoubtedly derived from the same 
source as the columnar cells and the inner layer of the bud. This flat 
layer is directly continuous with the inner layer of the kamptoderm. 
At a later stage, the columnar cells of the ectoderm become elongated- 
still more, and lose their staining capabilities at their outer ends. Still 
later one sees them arranged in the form of a cup whose cavity is sep- 
arated from the outside world only by a cuticula which becomes slightly 
invaginated at this point. The cells are soon found with their long 
axes perpendicular to the edge of the cavity they line. 

There is one point that I have not been able to determine ; namely,, 
how the new cuticula, which is certainly formed at the ends of the cells 
which lie next to the cavity, becomes continuous with the old cuticula 
of the non-invaginated body wall, as it is in Figure 50 (Plate V.). The 
presence on the new unstainable cuticula of the remains of the stainable 
one, whose origin I have already discussed at length, may serve as a 
guide to the limits of the old cuticula. The new cuticula is being secreted 
by cells lying deep in the inner end of the neck, and apparently in one 
rod-like mass. Unfortunately, I lack stages between this figure and 
Figure 45 (Plate V.), whigh shows the neck of a nearly or quite adult 
polypide cut lengthwise. The solid cuticular rod has now become a hol- 
low cylinder, whose inner (deep) edge is embedded in the deep-lying cells 
of the neck. Moreover, one finds superficial to the cuticula of the gen- 
eral body wall a second cuticular cylinder, which is free at its outer end, 
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but nt its inner end fLises with the suiToiinding cylinder of cuticula. Tbio 
inner cjliuder, wliioli is probably fumiBd, as Krueiieliu ('87, ji. 40) sug- 
gested, by Bplitttng of the delicate cuticulti. at the boise of the mafioal 
tliickeuing (liandwuist), has beeo compared by Kraepeliu to the " coUaro 
BetoBum " of CtenoBtomes. The Jia7iduial»t itself I believe to be the equir- 
ulcnt of the Diapbmguia of Nitache, as 1 alial! try to abow later. 

At the deep end of the neck (Fig. 45), the iuner layer of the bud ie 
seen to be coutiuuouB with the ectoderm. The regiou of transition may 
be called the atrial opening, of. atr. Surrounding the atrial opening 
is n fold in the ectoderm, and between the layers of this fold ia a thin, 
uon-ataiuable homogeueona layer, slightly more refractive than the sar- 
rouiidiug protoplasm. This membrane extends also a short way into 
the kamptoderm, and here lies between its two cell layers. Embedded 
in this homogeneous membrane in the fold, one can distinguish still 
more highly refractive bodies, epkt. On account of their form and 
high refi-actiyity, I believe these to be lanaole fibres cut across. The 
homogeneous membrane baa also the same general appearonoe and 
relation to the muscularis as the so-called supporting membrane of 
Xitsche, and it ia the only representative of that structure that 
have found in Paludicella. 



9. Development of tee Cohmiinioation Plate. 
In their description of Paludicella, Duroortier et van Beneden (' 



p. 40) s. 

bout , 



mpose de plusieurs logea on cellules pli 
en sorte qu'il n'y a uiicune communication entre les diffiireni 
Also Allman ('56, pp. 114, 115) refera to the presence of a 
perfectly formed septum separating the cavities of adjacent "cells." To 
Kraepelin ('87, p. 38) belongs the credit of having first carefully studied 
this structure in the adult by means of sections. He came to the con- 
tlusinn from the appear.ances which he figures (cf. my Plate V. Fig. 49), 
that there are small canals passing through the nearly homogeneous 
central mass, and therefnre "dafls wir in dem gauKen Apparat eine Vor- 
richtung KU erblioken haben, durch welche Nahrstoffldsiingen des einen 
Tierea nuttels eiebartig wirkender Cautelen in die Korperhohle dea 
Nachbarindividuums iil>ei^efiihrt werden." 

The descriptions of Kraepelin concerning the structure of the " Hoset- 
tenplato " are confirmed by my own observations, and seem to justify his 
conclusions concerning its function. The development of the organ has 
not, however, been carefully observed heretofore. Korotnefl' ('74, Plate 
XII. Figs. 1 and 2) gives figures to show this process, 
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seen any such circular groove surrounding the hmnch as he figures. la 
all cases the two layers of the body wall form a circular fold, in which, 
however, there is never, even at the earliest stages, a space between the 
ectodermal layers, nor any infolding of the cuticula as Korotneff (75, p. 
369), according to Hoyer's rather incomplete abstract, maintains (Plate 
V. Fig. 47). When the circular fold has advanced until only a small pore 
remains, by which the cavities of the older and younger individuals are 
kept in communication, the mesodermal cells at the angle of the fold 
begin to undergo a metamorphosis both in form and histological charac- 
ter. In ^e first place they become much elongated and extremely 
attenuated, passing from one surface of the septum to the other, and 
forming the lips of the pore. In the second place theii* plasma becomes 
first deeply stainable, and later, in addition, homogeneous and highly 
refractive. These metamorphosed cells form what may be called the 
teeth of the plate. They are derived wholly from mesoderm. 

The cells in the upper mesodermal lay^r next increase rapidly in 
number and size, and the number of teeth is also augmented (Plate V. 
Fig. 48). The metamorphosis of the cells extends still farther away 
from the communication pore, and involves the lower mesodermal layer ; 
but, apparently, each cell of the latter is metamorphosed only to a 
slight depth within its cell wall (Fig. 51), whereas in each of the upper 
cells the ends which project into the communication pore are modified 
through and through (Fig. 46). At a later stage (Fig. 49) the meta- 
morphosed part of the cell seems quite sharply cut off from the active 
part, and the slits between the metamorphosed teeth are considerably 
reduced. Nevertheless, I believe a transfer of fluids may still occur 
between them, for even in the adult communication plate one can trace 
continuous lumina when the cells are by accident torn off from the 
" teeth" which they have produced. It is important to note that the nu- 
clei are not destroyed in the cell metamorphosis. Some lie above, others 
below the pore, and become deeply stainable. The ectodermal layers of 
the communication plate secrete a cuticula between them. This is thin- 
ner than that of the body wall, and does not extend, of course, to the 
centre of the communication plate, but ends in a thickened ring, whose 
diameter is about one tenth the diameter of the plate, or, absolutely, 
about 9.4 ii} 

1 Reichert (70, p. 267) first carefully described the Rosettenplate of Cteno- 
stomes in Zoiibotryon, and the organ in Paludicella must be regarded as homologous 
with it. The central circular hole in the cuticula of Zoiibotryon is from 7 to 10 /i 
in diameter, and from one ninth to one seventh that of the entire plate. Similar 
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10. R6le of the Mesodermal Vacdolated Cells. 

Allmau ('56, p. 36) observed that at the ticne a lateral branch li 
well formed, and before the origin of the polypide, the iuternal outline of 
the liuiiy mall waa uneven, and he figures (Plate XI. Fig. 4) very large 
cells lying on the inside of the body wall. Korotneff ('74, Taf. XII. 
Figs. 1-3, '75, pp. 3C9, 370) progressed a etep farther, and recognized 
a distinetion between large, ooaraely granular cells jjrojectiug into the 
cavity of the bud, especially near the tip, ami the surrounding epithelial 
cells. Braem ('90, p. 1 26), fiually, baa iTeacribed them more accurately. 
He finds cells filled with uuniemua gi-anulea in the youngest branches of 
, the colony. Immediately around the bud, auuh cells are leas abundant ; 
probably, he says, tiecauBe their granules have been absorbed in the 
process of formatiuu of the polypide. He compares the granules with 
the yolk spherules of the Btatoblaat colls, and believes that they are to 
be regarded as food matter.. 

My observations and conclusions, acLievod independently of Braem's, 
fully confirm his. I have succeeded, moreover, in obtaining some addi- 
tional evidence aa to the function of these oella, a subject to which I 
have paid some attention. 

First as to the distribution of the cells, and their frequency in different 
regions. We can best get an approximate idea of this by counting the 
number of the reticulated cells in each acctioo of a series which in- 
volves a young polypide and tlie regions immediately above and below 
it. It is not possible to do this with perfect accuracy, because there is 
no sharp line of distinction between reticulated and n on -reticulated cells ; 
but I have made the count without prejudice, nnd I believe as fairly as 
possible. When the bud of the polypide has reached about the stage 
shown in Plate III. Figure 28, the number of reticulated cells seems to 
have nearly reached a maximum. In the series from which this figure 
was taken there waa an average of 4.8 reticulated cells to the section iu 
the ten sections distal of the bud. There was an average of 11.2 reticu- 
lated cells to the section for the twenty sections which passed through the 
bud, and 11.2 for the eleven sections proximal of the bud in the region 



perforated orgaoB have been dcBcribed bj Smitt ('67, p. 426), Nitiche ('71, pp. 
420-422), and Vigeliue ('84, p. 2G) for Flnatra, by Freese ('88. p 7, 13, 14) for 
MembrBnipora, by Oatroumoff ("86", p. 13) for Lepralia, by Claper&de ('70, p. leo) 
for Bugiila and Scrupocellaria, by Ehlere (76, p. 14) for Hypophorella, and by 
.Toliet ('77, p. 222) for Eowerbankia. Niuche alone (71, p. 455) has had anything 
to say upon their origin, and Ihii apparently not the resalt of direct oIwerTBtian. 
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at which muscle fibres were arising. A similar series through a slightly 
older bud gives for the same regions respectively 5, 14, and 13 cells per 
section. In series through older buds, a rapid decline in the number of 
these cells occurs so that at the stage of Figure 30 (Plate IV.) there is an 
average of only about 3. 1 cells per section through the bud, and about 
2.2 immediately below. These reticulated cells are not very numerous 
in the region of the bud at the time this is about to arise, as a look at 
the sections Figures 3 and 4 shows. One finds reticulated cells in the 
mesoderm at the tip, and most abundantly at a rather early stage in 
the development of the bud. ' The number of these cells diminishes as 
one leaves the young individual to pass into the next older of the same 
bi-anch. In the adult such cells are rather rare ; so rare, in fact, that 
Kraepelin ('87), who studied with care the body wall of the adult indi- 
vidual, makes no mention of them. Nevertheless they do occur in the 
cells which are to go into the lateral branch (Plate II. Fig. 15), as well 
as elsewhere on the body wall. The place in which one finds the reticu- 
lated cells most abundant, however, is in the young lateral branches near 
the time when the polypide bud is about to arise. Here every cell of the 
mesoderm is greatly enlarged, and filled with the vacuoles (Plate VI. 
Fig. 68). These are very apparent upon a surface view of the branches. 
Reticulated cells occur not only in the mesodermio cells of the body 
wall, but also in those of the polypide bud, which were, indeed, only 
lately a part of the mural mesoderm (Plate III. Fig. 28, Plate VI. Fig. 
56). Thus, in general terms, we may say that the reticulated cells of 
the mesoderm are chiefly confined to regions in which there are young 
buds developing; and since these arise at intervals only, there is a 
periodicity in their appearance, — a time of maximum development 
followed by one of decline, then one of reproduction of such cells in 
the ends of branches culminating in another maximum, and so on. 

Turning our attention now more particularly to the structure of these 
reticulated cells at the period of their best development, we find (Plate 
VI. Figs. 56, 57, 59) that they possess a large nucleus lying at the 
deep end of the cell and containing a relatively large nucleolus, and that 
this is surrounded by a granular protoplasm with included vacuoles. It 
is very common to find the nuclei in various stages of division, and thus 
it is frequently seen as a mass of chromatic substance without any nu- 
clear membrane or nucleochylema. The vacuoles, which in the more reg- 
ular cells lie in a semicircle nearly peripheral (the nucleus being at the 
centre), are highly variable in number, some of the cells containing as 
many as 20 to 30. They often appear as perfectly clear homogeneous 
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spacea, but more fre()Heutly at this stage contain a spherical body, whtcft 
frequetitly tilla the entire vacuole and is more refractive than the 8ur> 
ronudiug plitsnia {Vi-^. 39). Not unfrequently oue Bees a lesa refractive, 
clear space, Kurrouiidiut; the highly refractive body (Fig, 57). 

The description just given corresponds to the couditien Been in a ter- 
minal branch whose polypide has attained the development of that ahonn 
in Figure 38 (Plate 111.). At the time immediately preceding the ori- 
gin of the bud, the cuboidal cells of the mesoderm show traces of vac- 
uolation, but their form and size have sufferi'd no appreciable dieturbance. 
Thia vacuolatioo of cells proceeds hand in hand with the development of 
the bud, and one first noticea the homogeneous, highly refractive hoJiea 
in the vacuoles when the bud is well established. At about the time the 
alimentary tract has become formed, the reticulated cells begin to show 
signs of degeneration. The highly refractive bodies have disappeared, 
and the skeleton of the cell which remaina becomea very irregular. As 
already stated, the number of reticulated cells also decreases, until, at 
about the time of " rotation" of the polypide, there are few reticulated 
cells in the mesoderm, but these few are filled with vacuoles and their 
highly refractive bodies. 

The conditious of the mesodemia! cells at the tip are slightly different 
from those found elsewhere. Usually, instead of many small Tacuolea, 
one liuds only one or two which fill almoat the entire cell, — soiuetimes 
perfectly homogeneotia in structure, sometimes containing small highly 
refractive granules. 

These appearancea I believe to be explicable only upon the assumption 
that the mesodermal cells are capable, at the time at which the young poly- 
pide is aridng, of imbibing the Jiuids of the badi/ cavity and storing them 
up for the purpose of supplying the rapidly growing cells of the bud with 
fiiUrilion. It ia desirable to show reasons for believing, first, that the 
contents of those cells are nutritive matter; secondly, that this baa been 
tsilien up from the body cavity ; and, thirdly, that it is supplied to the 
bud for its nutrition. 

It must be admitted that the strongest argument for the belief that 
these are absorbing cells is derived from a comparison of the appearances 
which we find in these cells with those described for Protozoa, and by 
Metachaikoff ('83, Taf. I. Figs. 18-35) for mesodermal trophic cells. 
At the same time, it must be acknowledged that similar cells are found 
in other cases where the function is believed to be not ingestive, but 
excretory, as in the chlorogogen cells of Annelids, as shown by Kiiken- 
thal ('85), Eisig ('87, pp. T51-762), and others, and indeed even in the 
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cells of ccBlomic epithelium. Eisig ('87, p. 752) has already clearly ex- 
pressed how, in view of the mauy cases of high excretory activity of 
peritoneal and blood cells demonstrated by him, *' kuuftighin bei der 
Beurtheilung gewisser ZelleneinschlUsse erst genau festzustelien sein wird, 
ob man est mit von au^sen au/genommetien (gefresseuen), oder aber mit 
von der Zelle aiisgeschieden^n Producten zu than habe.'' 

A criterion forjudging this matter may be found, in the first place, I 
believe, in this : that the products of excretion increase with the activi- 
ties of the cells, and are thrown out, usually in the shape of concrements, 
either from the cell or tuith the cell into the coelom ; whereas bodies 
taken in from without for digestion decrease with the activities of the 
region. In the second place, vacuoles are less characteristic of excretory 
tissue than of imbibitory. But vacuoles are the important feature of the 
reticulated cells in Paludicella, and the highly refractive bodies are less 
constant phenomena. As for the latter, they are not found in the later 
stages, nor in the earliest. Moreover, these bodies differ from excretion 
concrements in this, that they are always transparent, often almost indis- 
cernible in the vacuole, except by their higher refractiveness, and there 
is no sharp demarcation between cases of vacuoles filled by such bodies 
and those the contents of which are less highly refractive. The degree 
of refractiveness is variable, at one end of the series grading off into the 
undifferentiated fluid of the vacuole. What significance is to be assigned 
to these highly refractive bodies in the vacuoles ] There are two reasons 
why I do not believe that they represent solid food particles devoured 
as such by the mesodermal cells. First, I do not find such highly 
refractive bodies lying loose in the body cavity before the stage at which 
they first appear in the cells ; and, secondly, one can find all gradations 
between less highly refractive vacuoles and highly refractive ones (which 
I have assumed to be entirely filled by one highly refractive body), and 
between the latter and vacuoles containing a small body surrounded by 
a broad, clear area. I believe, therefore, that the vacuoles are rather 
cavities filled with chemically different nutritive fluids, which are acted 
upon difterently by the reagent. 

I have assumed that the contents of the vacuoles represent material 
taken up from the body cavity, because it seemed most reasonable to 
look there for the source of their supply. The ectoderm is covered on 
its outer surface by an apparently continuous cuticula, so that food 
cannot be gained from the outside world directly. It is, moreover, not 
unreasonable to suppose that some of the products of digestion elabo- 
rated by the adult polypides of the colony pass through the wall of the 
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partial penetration of the mesoderm on each side into the space between 
these two layers (Plate IV. Fig. 30, rm^drm.). At a later stage the 
mesoderm may be seen as a single cell layer lying between the ectoderm 
and the inner layer of the bud midway between the oral and anal ends 
(Plate IV. Fig. 32, ms'drm,), and as a double cell layer at the oral end of 
the bud (Fig. 34, ni8*drm.). It is from these cells at the oral end of the 
bud that the retractor muscles are to arise (Plate III. Figs. 23-25, cL 
mu. ret). As the oral end of the kamptoderm and oesophagus to which 
their inner ends are attached moves away from the ectoderm, and as the 
area of the latter itself increases, the two ends of the cells move farther 
and farther apart, and the young muscle cells become drawn out into 
spindle-shaped muscle fibres. (Plate III. Fig. 25, cl. mu. ret. ; Plate IV. 
Fig. 36, mu. ret.) The retractor thus arises unpaired and remains so 
at its origin, but nearer its insertion in the ring canal and oesophagus 
one can distinguish a division into right and left masses. The adult 
muscle fibres consist of two parts at least, the inner contractile portion 
and an outer less modified protoplasmic portion, which can be traced 
over the whole of the first part, but is most evident aroimd the nucleus, 
where it has a granular appearance. 

b. Pyramidalis. — At about the stage of Figure 25 (Plate III.) one 
finds, on cross sections of the branch which pass through the neck of the 
polypide, that the mesoderm of the body wall on each side of the neck 
is greatly thickened, and that its closely packed cells, which lie three 
or four deep, have become somewhat elongated. Cell division is quite 
common in the ectoderm of this region, and by it the area of the cireum- 
cervical region is increased and the two ends of the muscle fibres are 
carried farther apart, one end remaining attached to the neck of the 
polypide and the other moving towards the abatrial surface. I have 
given reasons above (page 16) for believing that the abatrial ends of the 
muscles are not carried towards the abatrial side passively, and solely by 
the growth of the body wall, but that the ends move relatively to the 
cells of the body wall. A somewhat late stage in the development of 
the pyramidalis is shown in Figure 63 (Plate VI.). Nearly the whole 
of the mesoderm of the body wall has here been transformed into 
muscle cells. The insertion of the muscles is in the mesoderm of the 
neck of the polypide. (Plate VI. Fig. 63 ; Plate V. Fig. 45.) 

c. Parietal muscles first make their appearance at about the stage 
of the terminal individual of Plate II. Figure 14, immediately below 
the bud and to the right and left, i. e. so that the muscles, which 
usually arise paired, have their long axes parallel to the sagittal plane 
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That the nutritive matter in the coelomic cells is supplied to the 
young bud is what we should expect, since the cells of the bud, being 
moat actively engaged in growth, will require most nutriment. The 
actively dividing cells of the outer layer of the bud are thick and cuboid, 
and are rarely so highly vacuolated as the more passive ones of the body 
wall ; yet occasionally one finds one or two huge cells in this layer full 
of vacuoles, which contain highly refractive bodies. In most cases these 
cells send out processes into the coelom, and in a few instances I have 
seen them united with similar processes from cells on distant parts 
of the body wall. This remarkable phenomenon, shown in Figure 64 
(Plato VI.), may possibly signify that cells of the coolomic epithelium at 
times directly communicate with those of the outer layer of the bud to 
supply it with nourishment. Nutrition of the bud is also probably 
effected through the presence of large reticulated cells at the augle 
between the bud and the body wall. A condition like that shown in 
Figure 56, d, reU, is very common. 

Every author from Dumortier et van Beneden to Braem, who has 
studied the origin of the polypide in Paludicella, has mentioned the 
presence of highly refractive bodies in the alimentary tract at the time of 
its formation. These are very striking in some living specimens, and 
in whole animals after killing. I have found that this highly refractive 
substance in the bud is exceedingly variable in amount and position, 
and that sometimes it is apparently absent. When present, it usually 
occupies the lumen of the forming alimentary canal ; but, as sections 
show, it is often located in large vacuoles in the future digestive cells 
of the alimentary tract. It seems highly probable that, as Braem sug- 
gests, this is nutritive substance, and it has doubtless come from the 
body cavity through the agency not only of the outer layer of the bud, 
but also of other parts of the coelomic epithelium. 

I am inclined to interpret the phenomenon of cells filled with nutri- 
tive material as an adaptation to the peculiar conditions of Paludicella, 
in which the individuals are early separated from one another, except 
for the communication plate, through which at best fluids can pass only 
slowly, and in which a rapid growth of the body wall to produce the 
polypide takes place periodically. The mesodermal cells rapidly absorb 
the nutritive fluids of the body cavity and store them in their substance 
before the formation of the communication plate, and give them out 
again during the period of the polypide's most rapid growth chiefly to 
this part of the individual. This hypothesis has been mainly derived 
from considering the fact of the great development of the reticulated 
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cellH ill the lateral bud aud the very early cumplutkiti of its commti- 
iiicatton plate, tUe immediate ucedii of ttie polypide, wliivh arises oulv 
after the furmation uf the plute, beiug met by tULs supply of ctun.'d 
□utrimeut.' 

But wiiy ia the septum (uouamimicatiou plate) formed so early, if it 
it desirable fur the species thut the gruwiug tip should be well Duurished 
by the fluids uf the body cavity ) Here aguiu I must resort to pure 
Iiyputbeai& I assume that the early furmutiuu uf the septum is & pru- 
visiuu for the protection uf the stuuk a^ruiust a rapid influx uf the ma- 
rouuding water in cose the brauch in brukeu. One can uudcrstand litiir, 
if the body wall aud growiug regious depend upou the fluids of the body 
cavity for uutrition, an open communication of this cavity with the out- 
side world would be a serious obstacle to regeneration of the body wall in 
the lost part, or the growth of the Ktock in any other direction. There is 
a fact which ought to be meutioued iu this conuectiou, as bearing on this 
hypothesis of the functiou of the septtc. One frequently finds that in 
stocks which have been handled with reasonable care the median branches 
are broken off at either end, and in almost every colony one or more lat- 
eral branches ore missing from the parent branch. Apparently, then, 
the lateral branches are nouanally subject to destruction, aud we fiud 
the aeptse developed at a much earlier period between them and the an- 
cestral branuh than between individuals of the median branch. Compare 
Plato II. Figure 14, in which the communication plate has not yet begua 
to form, with Plate VI. Figure 58. 



in. Budding in Marine Qymnoleemata. ^^H 

1. Architecture of the Stock. 
I have already described the process of stock-building in Pain die ell a, 
and have attempted to show that it follows a certain law. I desire now 
to present a few observations upon the architecture of certain stocks of 
marine Gymnolremata, which will aid in arriving at some general con- 
clusions later on. Other observers have worked out the architectural 
laws of single species or groups, and I shall refer to their studies either 

' Similar conditiona to tlioBe in Paliidipellii exist in some marine Eryozoa, and in 
one of these cases, Bowerbankin, Ifind tliem fiillilled by a simiUr arrangement. Tlie 
young hilda of the stolon wliich give rise to tlie "nutritive zooids " are, at nn early 
stage, loaded with food grHnnles. As in PaludLcella, so in BowerbHnkia the 
cnmmuniciilion plates are formed early. 
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in counection with the species which I have used in common with them, 
or in the general part of this paper, in considering the process of budding 
in Bryozoa as a whole. 

I will begin my description with Bugula turrita ^ of Verrill, which I 
gathered in the summer of 1889 at Wood's Holl, where it occurs abun- 
dantly on the piles of the wharf. The stock is bushy, and, when its 
polypides are active, of an orange color. In its simplest form the 
stock consists of a central axis, which is somewhat zigzag, and gives off 
lateral branches like the trunk of a tree. The lateral branches are in- 
serted on the trunk in a spiral line. Each lateral branch is fan-shaped 
(Plate VII. Fig. 64), the part corresponding to the handle of the fan 
being the point of attachment, and the fans are smaller the nearer they 
are to the tip of the trunk. The attachment of the branch to the 
trunk is effected by one primary individual. Each fan-shaped branch 
extends from its point of attachment obliquely upward and outward, 
and, although it is slightly concave on its upper inner surface, the 
concavity is not sufficient to prevent its being spread out upon the slide 
for study without materially disturbing the interrelation of the indi- 
viduals in the stock. 

I have studied several branches flattened in this way (one of 400 
individuals), and have made camera drawings of them. Since the 
results in the differeut cases are substantially in agreement, I have con- 
cluded that they are significant. One of these camera drawings is shown 
in the figure just referred to. 

To designate individuals in the stock, 1 have adopted a simple no- 
menclature. The forty-fpur terminal individuals are numbered from 
1 to 44. The successive generations (if I may be allowed to use this 
word in a loose way) are indicated by the Roman numerals from I. ^to 
XIII. Any one individual is indicated by placing the numbers of the 
radial line or lines to which it belongs first, and following this by 
the Eoman numeral of the generation to which it oelongs. Thus, 
27-30 IV. is an individual near the base of the twig 27-30 and of 
generation IV. Figure 64* (Plate VII.) is a diagram showing the 

1 This species is very similar in general habit to B. avicularia, Linnaeus, and to 
B. turbinata, Alder (Hincks, '80, pp. 75-80). It differs from the first named spe- 
cies by possessing only one spine, on the outer upper edge, as described by Leidy 
('66, p. 142), instead of having three, — two outer upper and one inner and upper. 
It differs from Hincks's diagnosis of the second in having only two " cells " in each 
branch, instead of 3-6 in the upper portions. The form of the avicularium would 
seem to ally it more closely to B. avicularia. 
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arrangement of the iudividuals in Figure 64. 
Bent the rows of iudividuals ; the concentric 
individiiala of the same radial row. The sam 



Tlie radial lines repre- 



i separate adjaeent 
1 Qomenclatiire is used 
as in Figure G4. 

In studying Figures 64 and 64", one of the first fauta which attracts 
onr attention is that (1) t\e individuaU of the twigs ait in pairs, and 
the adjacent tndividuale of the two rowt " breai joijita." In general, oue 
fiudi^ tliat the individuals of the same twig are of the same length ; but 
since the two rows of any twig ultimately rest upoa one, either the pros- 
imal two individuals of these rows must be of unequal length, or else 
they must arise on different parts of the individual which supports 
them. Both of these cases occur. Sometimes oue individnol (20 IX.) 
has nearly twice the length of the other (25 IX.), and in other cases 
(9, 10 VI., 11, 12 VI.) the more proximal of the two individuala 
(9, 10 VI.) arises so far projtimally on the side of the supporting indi- 
vidual 9-12 V. as to have a total length quite equal to that of the more 
distal (11, 12 VI.). Owing to their different positions upon the indi- 
• viilual 9-12 v., these two individuals may be designated as lateral 
(9, 10 VI.) and terminal (11, 23, VI.). The terminal ijidimdiinls con- 
tinue the ancestral row; the lateral iadiuidwiU are the first of lateral 
branches. 

This distinction is an actual, and by no means a meaningless one. 
The constant difference in poaitioii of the two individuals which rest 
upon one shows conclusively that this bnmchiug cannot be regarded as 
dichotomous, and I may say parenthetically that I shall try to show 
in the general part of this paper that true dichotomy is not com- 
mon in BryoKoan stocks, if indeed it exist at all. Now, since in 
the rows of individuals in which there is no lateral budding the 
distal lies directly terminal to the proximal individual, that individual 
which fulfils this condition at the region of bifurcation of the twig 
must be regarded as continuing the ancestral branch ; and that 
individual, conversely, which arises from the side of the single prox- 
imal individual must be regarded as the lateral one. Thus we have 
the stock composed of ancestral and lateral branches as represented 
in Figure 64". 

(2) Whe.n two lateral branches are given, off from two ancestral ones 
which have Jiad a common origin (and are consequently themselves re- 
spectively ancestral and lateral branches), they are given, off toioards 
each other. This is equally true whether the two lateral branches in 
question arise in the same generation (32 X., 33 X.) or in differe 



ir in differeq^^ 
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generations (24 X., 25 IX.). This may be expressed by saying branches 
are given off on the side towards the axils. 

By consulting Figure 64* and tracing out the finely dotted lines which 
connect the second, third, etc. axils of all branches counting from the 
proximal end of the fan, it will be seen that (3) lateral buds tend to arise 
on two closely related branches in the same generation. There are several 
slight deviations from this rule. The less closely related the branches, 
the less marked the tendency, although it is still discernible. (Cf. 
branches 9-16, 23-30.) 

This rule does not hold, however, so well on the margins as in the 
middle region of the fan, for here another and a superior rule seems to 
obtain. This is that (4) lateral budding occurs more frequently at the 
margins of ^^ fans " than elsewhere. Thus in Figure 64* there is at the 
margins, on the average, 1 case of lateral budding to 4.3 cases of median 
budding. Elsewhere the average is as 1 to 6.5. In larger fans the 
difference is even more pronounced. This is true not only for the 
" fans," but also, to a less degree, for the two " subfans " which arise re- 
spectively from the two individuals of generation II. (but 17, 18 is very 
anomalous in this respect). In general, any rule deduced for the mar- 
gin of the fans holds true also for subfans to any degree of subdivision ; 
but the less perfectly, the higher the degree. 

By consulting again the diagram, it will be seen that the branches 
have attained different lengths. Thus 9, 10, 29, and 30 contain repre- 
sentatives of generation XIII., while the terminal individual of branch 1 
is of generation X., and those of branches 35-44 are of generation XI. 
So the curve which connects the tips of the branches (see dot-and- 
dash line, Fig. 64') would rise from 1 to 9-10 as a maximum, and fall 
again till it reached the margin of the first subfan ; then rise again, 
reaching a second maximum in the middle at 29-30, and finally fall 
again to the other margin. In general, then, (5) the marginal branches 
are shortest^ the intet^mediate ones longest^ i. e. give rise to the greatest 
number of generations. 

Although the marginal individuals of say generation III., IV., or V. 
do not support branches with so many generations as the intermediate 
ones, yet they are not therefore necessarily less prolific in individuals, 
because the number of branches arising distally of such individuals is 
greater according to rule 4 than the number arising distally of the 
intermediate ones. Thus, if we count the number of individuals borne 
on each of the eight individuals of the fourth (IV.) generation of 
Figure 64, we find in the given case : — 
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1. 1-8 IV. (an outer indii 

2. 9-12 IV. (an inoer 

3. 13-16 IV. (an inner 

4. 17, IblV. (asubouter - 

6. 1&-22 IV. (aaaboLiter " 
8. 23-26 IV. (an inner 

7. 27-30 IV. (»n inner 

8. 31-44 IV, (an outer 
According to the rule that inne 

expect cases numbered 4 and 5 i 
branches and individuals ; 
branches even of sublans t 



le to 8 brancheB and 3i indivil 



branch ea 



ilightty prolific, we should 
the above table to contain the fewcRt 
accnrdanoe with the rule that marginal 
more prolific, wo should expect them, on 
the contrary, to contain more branches and individiiala than cases num- 
bered 3, 6, etc. The result is usually a condition intermediate between 
that of the middle and outer branches, such as is partially realized in 
case number 5. Case number 4 scorns to present an unusual condition, 
which may be correlated with the fact of its close approsimation to 
number 5. (See Fig. 64, 17-20.) From the consideration of this and 
other cases, I think this concltisioa may fairly be drawn: (6) 0/ the 
four proitimal individuate from wkick a fan arisn, the outer two will bear 
the greater number of individuals, ike inner two the lesser. 

Since from rule 2 median individuals (ancestral hrancbes) occupy the 
margins of fans (or subfans of any degree) and the lateral branches are 
intermediate, it follows, as a corollary to rule 5, that, in general, the an- 
cestral branches are the shorter, the lateral branches the longer; and, as 
a corollary to rule 6, that from any axil the ancestral branch will of the 
two give rise to the greater number of individuals ; the lateral branch, 
conversely, to the less, other conditions being equal. 

We have deduced the laws of lateral budding on different parts of the 
circumference. We find also that there is a regular variation in the 
frequency of lateral budding, dependent upon the distance of the region 
from the primary individual of the fan. This rule, like any other, is not 
invariable, whatever the other conditions may be ; but it is more or leas 



dependent upon them. 
tions gives this result. 



A small and regular fan having seven genera- 



Number of IniUvii!. Increaao per Cant 
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In this table the first column gives the number of the generation, the 
second the whole number of individuals in the generation, and the third 
column the increase per cent of individuals in each succeeding genera- 
tion over the last. In this specimen the increase underwent a very 
regular diminution. 

With larger colonies so great a regularity as that just shown is hardly 
to be expected, nor is it found. The following table is based ou 
Figure 64, and is like the preceding; but in addition the percentage 
increases have been averaged — i. e. the means of successive increases 
taken in pairs have been given — to eliminate what may be called 
accidental variations. 



Genera- 


Number of 


Increase 


1 
Average. 


Genera- 


Number of 


Increase 


Average. 


tion. 


Individ. 


per Cent. 


tion. 


Individ. 


per Cent. 


I. 


1 






VIII. 


28 


27 


29 


II. 


2 


100 










23 








100 


IX. 


33 


18 




III. 


4 


100 










18 








100 


X. 


39 


18 




IV. 


8 


100 










16 








88 


XL 


44 


13 




V. 


14 


76 


49 


XII. 


20 


^ 




VI. 


17 


22 


26 


XIII. 


4 


[ Incomp 


lete. 


VII. 


22 


30 













Hence we conclude. Titer e is a diminiUi07i in the rate of increase of in- 
dividuals in the *^fan'' as it grows older. 

In searching for an explanation of this phenomenon, I first drew 
a line from the centre of the primary individual of the fan to the 
periphery, and divided it into four equal parts. I then described 
arcs with the primary individual as a centre, and with radii equal to 
^j f , I, and I of this line respectively. Counting the number of in- 
dividuals cut by these arcs respectively, and dividing those numbers 
by the length of the corresponding arcs, I found that there is almost 
exactly the same number of individuals per unit of arc for each of the 
four arcs. (Rule 7.) The previous conclusion, that there is a dim- 
inution in the rate of increase of individuals in the fan as it grows 
older, may then be considered as a corollary to this rule, as it ob- 
viously follows from it. 
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Eiigula fiahellata, J. V. Tliompaon>— I liave studied thia species for 
the purpose of coufirming tbe reBulta obtained in B. turritu, and have 
foiiiid the architecture of tbe two species alike ia all essentials. 

The entire colony of B, flabellata (Plate VII. Fig. 60) may be com- 
pared to a siugle " fiiu " of B. turritii, only there are usuallj many more 
individuals in the former, aiid of eourse there is no central stem to which 
it is attached ; but the fan is fastened directly by its rhiaoids to the 
object which supports it. 

Usually about four rows of individuals are united, instead of two as 
in B. turrita, — a condition which can be easily derived from the latter 
by imagining adjacent branches to become fused together. Here as 
there adjacent individuals break joints. Here as there lateral branches 
are given off towards the axils. 

Itule 3 is not true for B, flabellata. This ia entirely annulled by the 
establishment of a nen rule, which depends upon the new conditions 
found in this species ; namely, that more than two rows eling together, 
aod that consequently one or more rows of individuals are enclosed be- 
tween outer marginal roves. In any such tvjig composed of more than 
two rows (Rule 3a) lateral brav<:kes are given of only from the marginal 
rows. (See Fig. 66, 49-5t XVII.) It might possibly result, then, 
tliat certain of the middle rows of the twig should never give rise to 
lateral branches. But I do not believe that this ever occurs in very 
long rows, for by the splitting up of the twigs the middle rows sooner or 
later become marginal (so iG-51 XV.). In one stock that I have 
drawn, consisting of 17 to 31 generations, every middle row occurring 
as such up to the 13th generation had become at tbe periphery a 
marginal row. 

As in B. turrita, so in B. flabellata lateral budding oectirs most 
frequently at the margins of fans, — in a fan of about 800 individuals in 
the ratio of 1 : 10 for the margin, and 1 : 14 for the remainder of tlie 
fan. By a comparison of those figures with those given on page 43 for 
B. turrita, it wilt also appear that lateral budding is less frequent here 
relatively to terminal budding than in B. turrita. 

The fifth rule deduced for B. turrita holds equally well here. In one 
case the curve of the tips of the rows rises from the margin of the fan at 

> The species whicli I have studied ia identiflcd by Verrill <'73, pp. 711, 389) 
under this name, and my speciraens also agree fairly willi Hineks's ('80, pp. 8U^2) 
diagnnais. Tlie two pairs of spinea, one longer tlian the other, could be distinctly 
seen. Hincks says, " The rows of cells ... are never, I belioTe, fewer than four, 
and range as high as sei-en." But Ins Fignre 68 shows three rows only in «orae 
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generation XXIV., reaches 3 maxima of XXVI., XXVII., and XXVIII. 
respectively, and falls again at the other margin to generation XXIII. 
In the subfan from which Figure 66 was taken, the curve begins at the 
outer margin with generation XVII., rises to generation XXII. at two 
points, and falls again to XX. at the inner margin of the subfan. 

Of the four proximal individuals in any fan here, as in Bugula turrita, 
the outermost, ancestral give rise to the greater number of individuals. 
In one case, for instance, the marginal individuals lie at the base of 31 
rows with 184 individuals, while the inner ones support only 7 branches 
with 65 individuals. Similar results were obtained from other stocks. 

With the middle of the primary individual as a centre, I passed an 
arc of a circle through the extremities of the branches of a large camera 
drawing of a fan of B. flabellata, divided the radius into eighths, and 
passed arcs through these points. The number of individuals cut by the 
different arcs was then counted and tabulated ; the arc with the longest 
radius cut through 87 individuals. By measuring the length of the arcs, 
the number which should be cut by each arc on the assumption that the 
number of individuals per unit of arc is constant for all radii was deter- 
mined. This was then compared with the actual number found, with 
the following results: — 



Length of 
Radius. 


No. of Indiyidn- 
al8 observed. 


Theoretic 

No. 


Length of 
Radios. 


No. of Tndfyidn- 
als obserred. 


Theoretio 
No. 


1 


8 


2i 


6 


37 


40 


2 


7 


6 


6 


66 


56 


8 


13 


13 


7 


68 


70 


4 


22 


25 


8 


87 


[87] 



In this instance, then, the 7th rule deduced for B. turrita evidently 
holds true for B. flabellata. 

While at Mr. Agassiz's laboratory at Newport, during the summer of 
1890, I had frequent opportunity to examine other stocks of Bryozoa, 
which occur there very abundantly. I will take four species as typical 
examples of the groups they represent, and treat of the architecture of 
their colonies. 

Lepralia Pallasianaf Busk.* — It is not at all easy to determine 

1 I do not feel perfectly certain that the specimen shown in Figure 71 (Plate 
VIII.) belongs to this species, because the characters of the young stocks differ some- 
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from a young etock what has beeu the urder of succossioD of indlTidualE. 
One has to view the object from botli aides, malte a careful eiamiuation 
of the walla of the zocecia and of the relatieu of tlie polypides to ono 
another, and, when ho has done his beat to deteruiiue what are the facta, 
be must feel that hia couclusioua are after all more or less subjective. 
By a careful study of the colony showu in figure 71, I have constructed 
the diagrana shown in Figure 71'. 

The stock of Lepralia is a creeping one, and all of its rows of individ- 
uals are in juxtaposition. Thia juxtapoattiou is continued into the adult 
stage. Even the youug stock begins to show evidence of a quiucuui; 
arrangement of individuals. This is less evident in the youngest indi- 
viduals than iu the older part of the Btock, and is most evident in old 
colonies. That there is not here a true dichotomous division of rows of 
individuals, resulting in the annihilation of the ancestral row and the 
establishment of two new ones, is evident from a glance at the youngest 
generation in rows 11, 12, or, better, 2, 3, in whicli the relation of ter- 
minal (11, 3) and lateral (12, 2) individuals is very different. The for- 
mer continue the ancestral line, the latter estalilish new rows. Leprnha 
differs from Biigula in this : that two lateral branches may he given oif 
from the ancestral row in the same generation, as at Ji, C, and a, a 
(enclosed in circles), Figure 71*. 

In contradistinction to the conditions in Bugnla, when only one branch 
arises, it is not given off towards the axil, but away from it. 

The aynclironiam of the budding process noticed in B. turrita is hardly 
distinguishable in the adult stock of this species ; in the 3'oung, however, 
it is quite raarkpd, and gives to the whole a very aymmetrical form. The 
cleavage of eggs does not proceed by more regular steps. Of the three 
individuals a, C, a {in circles), which follow B, each has given rise to 
three others, a median and two latern]. From each of the three individ- 
uals derived from the two individuals a, a (in circles) has arisen a 
lateral l)rnnch. Rule 3 is therefore well marked in the young stock of 
Lepralia. 

Rule 4, concerning the greater frequency of lateral budding at the 
margin, is also exemplified in Lepraha. The ratio of cases of lateral 
to median budding being 1:1 on the margin (rows l-G and 15~lfl) 
and 1 : 2.8 in the middle (rows 7-14.) 

In Bugnla, aa will be recalled, it was cniicluded that the marginal 



nbnt from tlioae of older onea. Tet It is 
by Verrill ns being fiiund in L. Pallnsia 
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Bpine on the proximal border referred 
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branches were possessed of fewer generations than the intermediate ones. 
Since by Rule 2 the lateral branches were given off towards the axils, 
and the ancestral branches therefore always remained marginal, it re- 
sulted that the ancestral branches were the shorter, the lateral branches 
the longer. But in Lepralia lateral branches are turned away from tiie 
axils, and here we find the conditions concerning the relative number of 
generations in marginal and intermediate rows coiTespondingly reversed. 
Thus, in Figure 71*, the terminal individual D of row 10, a median but 
ancestral row, belongs to generation IV. while the lateral branches 6 
and 15 have five generations of polypides. Thus it is true here, as in 
Bugula, that the ancestral branches are the shorter, the lateral branches 
the longer (page 44). 

That the outer individuals a, a, of rows 6 and 15, have given rise to 
more individuals than the inner (7, is clear without further comment. 
Finally, since the individuals retain a nearly constant width, the neces- 
sity of the rule established for Bugula, — viz. that there is almost ex- 
actly the same number of individuals per unit of arc for all radii, — and 
of its corollary, — that the increase of individuals in sucessive gener- 
ations undergoes a regular diminution, — is apparent. 

Flustrella hispida^ Fabricius.^ — This stock is a very dense corm-like 
one. The primary individual becomes surrounded on all sides by the 
younger zooecia. It is very evident from an inspection of the position 
of this primary polypide with relation to the periphery, that growth 
occurs most rapidly on each side and in front of the primary polypide. 
In making any diagram of such a stock, it is not very difficult to decide 
upon the origin of the more peripheral individuals of the stock, but it is 
wellnigh impossible to say with any certainty what are the relations 
of the individuals of the second generation to those of the first. Bar- 
rois ('77, pp. 227-229) has, however, determined this for this species, 
and my diagram (Fig. 67) is based in part upon his observations. I 
do not desire to insist that the diagram represents the exact method 
of growth of the stock. It is an attempt to represent it, founded princi- 
pally on careful study of Figure 69. The quincunx arrangement of in- 
dividuals is already apparent in the young stock (Fig. 69) ; it becomes 

1 Hincks (*80, pp. 604-506) makes the existence of a larval bivalve shell a char- 
acteristic of this genus, and therefore I assign to it a very common Alcyonidium-like 
form which was extremely abundant on Fucus at Newport. F. hispida is the only 
species of this genus. I found the bivalve shell still adhering to the primary indi- 
vidual of a young colony (Plate VIII. Fig. 69, o.*). In Verrill's (73, p. 708) catalogue 
this species is referred to under the name " Alcyonidium hispidum, Smitt." 

VOL. XXII — NO. 1. 4 



i jj<* ■» ^■'-'-' 






4 J J J -. '' 






BULLETIN OF THE 

more eTident in the adult, and when new individuala arise distad to any 
two, one of the new ones is median (anoestral branch), the othor lateral. 
(So terminal individual of rowa 11 and 10 ; 23, 23 ; 43, 44 ; etc.) In 
the diagram, however, 1 have not always indicated which is the median 
and which the lateral branch, for in the older parts of the colony, owing 
to a shoving of individuals, it ia not easy to distinguish tliem. 

Lateral branches appear usually to be given olf towards the axis. 
Here, as in Bugula, the lateral branches tend to be longer ; the ances- 
tral, shorter. 

It is evident from the diagram that lateral budding is most frequent 
at the margins of the corra, i. e. that part lying posterio-dextral or poste- 
rio-sinistral of the primary individual, and that the descendants of the 
two lateral individuals of the four belonging to generation II. are more 
numerous than those derived from the middle two. Finally, it ia evi- 
dent that the number of individuals per unit of arc will be the same for 
arcs of all radii, and therefore the rate of increase of individuals will 
diminish through successive generations. 

In Crista ebiimea, Linn.,^ wo find the same laws illustrated. The 
architecture of the genus has been carefully treated of by Smitt ('65", pp. 
115-142) aa forming the basis of classification. Barrois (77, pp. 76—85) 
has described in a masterly way the formation of the young stock o[ 
tnbuliporid Cyclostomata, and the relatiousbips of the different types 
of budding in this group. Harmer ('91, pp. 145-173) has recently dis- 
cussed the architecture of the stock in British species, adopting Smitfc's 
graphic method of showing it. I have found his paper of great value 
for my purpose. 

This species grows as a shrub-like stock npon floating eel-grass, etc. 
I was wrong in saying, in my Preliminary ('91, p. 282), that Criaia has 
its branches united in pairs. The comparison of this species made by 
Barrois ("77, p. 82) with the "geniculata form" is conclusive evidence, 
to my mind, that the apparent double row is in reality a single one, and 
that such a branch as 18, Figure fi5, is to be represented by a single 
line in the diagram Figure G5". We find here terminal and lateral 
branches ; no true dichotomy. Branches are given off on the side aivaff 
from the axils, as in Lepralia, not as in Bugula. (But branch 11 is an 
eiception to the rule.) They are given off, as Harmer ("91, p. 131) 
has shown, alternately to the right and left. 

1 This is the only epecies of Criaia fn^en by Verrilt, anil, since my speciei 
is very common, it must be the one to which he rrfera. MoraoTer, it agrees 
fairly well with Harmer's diagaosia ('91, p. 131). 
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There is something of a tendency for lateral branches to be given off 
in the same generation from closely related branches. Thus (Fig. 65*) 
from the primary individual, o, of the stock, two individuals, a median 
and a lateral one, arise. Each gives rise in its first generation to two 
individuals, a median and a lateral. Of these four individuals each 
(;ives rise at the end of three generations of median buds to two buds, 
a median and a lateral (Comparing 2 and 10, first descendants of the 
two branches arising from the second individual of 8, we find that each 
gives rise to lateral branches from their first individual and from their 
fourth. Comparing 14 and 19, first descendants of the two branches 
arising from the first individual of 8, we find each giving rise to lateral 
branches from their first individuals. The law breaks down, however, 
when an attempt is made to carry it to extremes. 

The fourth rule is not always so pronounced in Crisia ebumea as 
elsewhere, although lateral budding seems to be slightly more frequent 
at the margin. 

The extreme marginal branches usually attain far fewer generations 
than the more intermediate ones ; thus, in Figure 65% branch 20 ends 
in the 7th generation and branch 13 in the 7th also, while the more 
intermediate branches 15 and 18 attain 12 and 14 generations respect- 
ively. So, too, while the outer branches 6 and 1 contain respectively 
10 and 11 generations, the inner branches reach 12 and 14. 

It is very noticeable that the outer branches give rise to more indi- 
viduals than the intermediate ones. Figure 65' will serve to illustrate 
this also. Here the outer branch 4, the intermediate 8, and the outer 
15 possess, together with the branches arising from them, 33, 28, and 40 
individuals respectively. Harmer (*91, p. 168) finds this true for his 
Crisia ramosa, for he says, *' It is frequently remarked that the longest 
and most branched parts of the colony are lateral branches, and not 
parts of the main stems.'' 

There is, in the long run, a decrement in the rate of increase of indi- 
viduals in successively older generations, yet it is not so regular a one 
as that which we found to exist in Bugula. Thus, in the seven gen- 
erations which even the shortest branches shown in Figure 65' had 
attained, the average increase of the number of individuals in the 
second, third, and fourth generations over the number in the preceding 
is 67% ; in the fifth, sixth, and seventh, 44%. The generations beyond 
the seventh are not complete ; they would have contained more indi- 
viduals at a later period, when the branches which have now attained 
only seven generations had grown. Thus the number of individuals 
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ill BUCoeBsive generations beyond the seventL iucreaeea more and mora 
slowly, and finally decreases to zero. Thus tlie avemge rate of increase 
of individuals in tbo goiieratians 7 to lU avae thuse in the preceding is 
only 1G%. 

One tinda here, aa elsewhere, that the number of iudividualB cut by 
any unit of arc, the primary iadividaal being taken as a centre, reroaiuB 
practically constaut, whatever the rodiuB of the arc. 

In studying the creeping stocks of Cheilostomes {Plate VIII. Fig. Tl), 
young corma hiive been chosen because they exhibit fewer irregnlaritiea 
of formation than old ones. Such irregularities are chiefly due to some 
unevenness of the surface on which the corms lie, but sometimes 
apparently to a crowding of individuals. Old rows of individuals are 
occasionally entirely cut off and end in the middle of the stock; some- 
times two rows running side by side, perhaps derived from a common 
ancestor, suddenly merge into one again, lu one case, Eacharella varia- 
bilis, Verrill, I have seen three rows thus merge into one at the margin, 
suggesting the existence of a ea-inknopp (commoti bud) in the sense of 
Smitt {'G5, pp. 5-16). Oatroumoff ('86', pp. 338, 339) has observed 
a case in Lepralia Pallaaiana. lie says; "Bans quelques cas, qu'on 
peut oousid^rer comme des anomalies, il arrive parfois que deux bour- 
geons, provenant de loges diffirentes, vienneut h, se fusionner." It seems 
to me, therefore, that while Nitsehe ('71, pp. 445, 446), who opposed 
with such vehemence and success the idea of Hniitt that zocecia arise from 
nn undivided marginal zone of cells, was quite right in affirming ('71, 
p. 447) that even the smallest marginal zooicia are sharply marked off 
from the adjacent ones, yet he overlooked the possibility that under 
certain circumstances the lateral walls might fail to develop, and thus 
one zofBcium might arise in the place of two, or even three. 

I have not read Smitt's Swedish paper, but I do not find anything 
in the translation given by Nitache to warrant the latter'a conclusion 
('71', p. 446) that Smitt believed the "Gesamnitknoape" to be " formed 
from the sum total of the mature peripheral zocecia." If I understand 
Smitt, he conceived the samknopp not to be derived from the most 
peripheral mature zocecia, but to be aelf-proliferating, and to give rise 
to the rows of zotecia, not to arise from them. It is the " bud of 
the colony," not the sura of the buds of the peripheral individuals of the 
stock. Iq this I would t^ee with him esaetly. Although vsually one 
finds the marginal gemmiparous tissue forming the lateral walls at the 
extreme edge of the corm, and thus apparently separated into wholly 
distinct adjacent gemmiparous masses; under certain conditions, the ^_ 
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lateral wall may not be formed between two or more rows, which will 
then merge into one. 

2. Origin and Development of the Individual. 

Mj studies on this subject, which were undertaken for the purpose of 
showing the unity of the type of buddiug throughout Ectoprocta, have 
been very fragmentary. 

Figure 72 (Plate IX.) has been introduced for the sake of orientation. 
It represents a longitudinal vertical section through the peripheral part 
of a stock of Lepralia Pallasiana. The body wall is thicker at the mar- 
gin (rnarg,), aud gradually becomes thinner as one passes backward. A 
septum (sep.) has already arisen cutting off the youngest zooecium from 
the more proximal one, which contains a young polypide ; proximal to 
this is another septum, and the distal end of a third zocecium. 

Nitsche ('71, pp. 445-456) has already well described the process of 
forming the zocecium in Flustra membranacea. In fact, he has studied 
the organogeny more thoroughly in many respects than I have. Nitsche 
('71, p. 452) showed that the wall of the advancing margin of the colony 
was composed of two layers of ceUs, — an outer, " Cylinderepithelschicht," 
which secretes a cuticula, and an inner, ** Spindelzellschicht mit anliegen- 
den Komerhaufen." As the body wall formed directly from these cell 
layers is left behind by the advance of the margin, it becomes continually 
thinner. " Die Cylinderepithelzellen der Wandung platten sich weiter 
nach dem proximalen Ende zu ein wenig ab, besonders die der Unterseite 
verkiirzen sich, die einzelnen Zellen riicken auseinander, die Zellgren- 
zen werden undeutlicher, die Kerne jedoch bleiben deutlich erkenubar." 
Vigelius ('84, p. 76) could not find the inner cell layer in Flustra, even 
at the youngest stages, and consequently he believed that only one ex- 
isted at the margin, and that this went to form the ^* Parenchym- 
gewehe " of the adult. Ostroumoff ('86% p. 336) seems inclined to doubt 
the existence of any mesodermal layer at the distal portion of the bud- 
ding zocecium in Cheilostomes, and Seeliger ('90, p. 580) has failed to 
find in Bugula ''eine zusammenhayigende dem Ectoderm dicht aniie- 
gende Schicht von mesodermalen Spindelzellen." Both Ostroumoff and 
Seeliger, however, believe in the existence of isolated mesodermal ele- 
meats at the budding end. 

According to my own observations, there is usually only one continu- 
ous layer at the budding margin of the stock. Thus, in Flustrella 
(Plate IX. Fig. 79) one can usually distinguish a continuous ectoderm, 
but the mesoderm (m^drm,) is represented by scattered cells only. At 
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the margin in Lepralia (Fig. 73) one fiuda a thick ectodermal layer, 

caniposed of coluinuar cells, but the mesoderm consists of an irrej^ular 
thick mass of ceils, some of which appear to be amaiboid. They how- 
ever show no sigoa of having been derived from the outer layer. The 
condition of the budding margiu of EacbarelU resembles that of Lejiralia. 
Ill oilier parts of the body wall, where the ectoderm is reduced to an ex- 
tremely thin layer, only scattered mesodermal cells appear, and these are 
amceboid or meaenchjinatoid. 

On the other bund, one finds in the body wall, around the nascent 
Deck of the polypide (Plate X. Fig. 88), even to a late stage, both ecto- 
derm and mesoderm well formed as layere. The ectoderm is a columnar 
epithelium ; the mesoderm is flatter, and often its cells are not sbarpiy 
delimited from one another. It is thus perfectly evident, to my mind, 
that the mesoderm has in general lost its original epitlielial character 
in the marine Bryozoa, although it has retained it in Phylacloltemata. 
Whenever it does exist in the former group as an epithelium, it is at the 
budding regions (ueck of polypide, and Figures 74, 75, 78, 79, ex.'). 

Origin of the Poli/pide. — There are very few problems in modem 
morphology, I fancy, the history of whoso investigRtiou shows a less 
satisfactory aspect tlian that of the origin of the polypide in Gymnolte- 
mata. It is hardly to be wondered, however, that investigators have 
Bought for another interpretation of tlie process than the most obvious 
one, because that seemed to oppose many long cherished and wellnigh 
universally held dogmas. While the first recognition of the animal 
nature of marine Bryozna, which we owe to the studies of Bernard de 
Jusaieii in 1742 and John Ellis in 1755, brought with it a knowledge of 
their colonial nature, yet it was not until much later that the most 
characteristic part of this process — the formation of the polj'pide^ 
was clearly observed. Grant ('27, p. 115) and Farre ('37, pp. 400, 409, 
415) first described the process by which is formed this complex of or^ 
gana, and settled once for all the controversy which had sprung up as to 
whether these animals were triily stock-builders. Under the influence 
on the one hand of the endoaaro theory of Joliet ('77), and on the other 
hand of the view promulgated by Hatschek ('77), that similar organs 
in larva and polypide are equivalent as far as regards their origin from 
the germ layers, the more important papers ' between '77 and '90 main- 
tained either that the polypide arose independently of the body wall, 

' Excepting thoie of BarroJs, who, from the study of the favorable material, 
preBenfeil liy raetamorphoaing larrs, has persistently maintained the correct 
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and secondarily acquired connection with it, or that it had a double 
origin. 

To Nitsche ('71, pp. 456-463) belongs the credit of having first described 
the histological changes in the origin and development of the polypide 
of marine Bryozoa, particularly with reference to the part which the 
germ layers play in that process. He says ('71, p. 456) : " Die Anlage 
des Polyp ids erscheint zunachst als eine Wucherung der Zellschicht der 
Endocyste in der Mitte der Hinterwand der Knospe, und zwar in dem 
Winkel, den die Hinterwand mit der oberen Wand macht. Bald ordnen 
sich die Bestandtheile des regellosen Zellhaufens in zwei deutlich geson- 
derte Schichten, und wir sehen nun einen rundlichen Korper, beste- 
hend aus einer ausseren einschichtigen Zellschicht, welche sich scharf 
absetzt gegen die das Innere des Korpers bildenden Zellen." \ 

This stood until a year ago as the most satisfactory description of this 
process in the adult stock. The appearance within the last year of the 
two papers of Prouho (*90) and Seeliger ('90) marks a distinct epoch in 
the advance of our knowledge concerning the origin of the polypide in 
Gymnolsemata. The paper of Prouho treats of the process in the case of 
the primary polypide of the metamorphosing larva of Flustrella, that of 
Seeliger in the case of the young (practically adult) stock of Bugula. 
According to both authors, the polypide arises from the body wall by an 
invagination of it, and its two layers are from the first distinct and 
separate, and go to form the two layers of the adult polypide, and the 
whole of those two layers. The outer layer of the body wall gives rise 
to the outer layer of the tentacles and the lining of the alimentary tract, 
and the inner layer of the body wall gives rise to the mesodermal lining 
of the polypide. Prouho alone is cognizant of the method of origin of 
the ganglion, and in addition there are several points of diflference be- 
tween these two authors concerning the development of other organs, to 
which I shall refer in the proper place. Thus the latest studies have 
confirmed the assertions of Nitsche, that the polypide arises from a 
single centre of proliferation of the body wall ; they have made an ad- 
vance in this, that they have shown that the two layers of the bud do 
not become secondarily differentiated from a single cell mass, but are 
respectively derived from the two cell layers of the body wall. My own 
studies have led me to the same conclusion on this point. 

Figure 75 (Plate IX.) is a vertical radial section through the margin 
of an adult Flustrella stock. The ectoderm is relatively thick at the sole 
(sol.) and margin, and very greatly thickened at the point marked gm. 
Here two layers, sharply separated, are apparent. The cells of the outer 
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layer are columnar anil full of graoular protopJaEm, the mesoiletniul cells 
cuboid, Tiie body wall has clearly beguu to iavugiuate iti tliis region. 
Fi>{ure 79 is a. similar section, utid uliowa o. later stage iu tbis process. 
Tbe lumeu of the bud U apparent, and has been formed by invngiDation, 
not, as iu Paiudiuella or Phylactola:uiata, by iugression. The two layers 
of the bud are apparent ; they have been derived fium those of the 
body wall. 

Figure 73 (Plate IX.) shows a stage in the development of the poly- 
pide which is intermediate between that of Figures 75 and 79, but from 
another suborder, Cbeilostoniatit. The mesoderm bas here a mesenchym- 
atous character, and is loosely attached to the iuner layer of the bud ; it 
ia not always sharply marked ofi' from it by boundaries, but is quite dis- 
tinct in its reaction with staining reagents. This bud hus evidently 
arisen by invagination of the body wall. Seeliger ('90, p. 581) also finds 
that there is an actual invagination of the ectoderm in Uugula, tbe open- 
ing to which he calls " blastopore." 

From what has been already shown, it is evident that in Flnstrelia, as 
well as in Cheiloatomata, the first appearance of the young polypide is 
near the mai^in of the stock, not near the proximal part of tiie young 
Bocecium. TJiis will also be apparent at G and 9, Figure 71 (Plate VIII.), 
where the accumulation of nuelei immediately behind the margin indi- 
cates the neck of the polypide, — the point at which tlie bud arose. To 
l>e sure, at quite an early stage, but very much later than that of Fignra 
73, the pojypides are found near the proximal wall of the zoceciunu, but 
a delicate funnel-shaped sheath of tissue runs from the polypide to the 
distal part of the zoaecinm, where the polj-pide is attached to the body 

After invi^ination the pocket closes at its attached end by a growing 
together of its lips (Figs. 7% 78). Thus the body wall becomes contin- 
uous again over the lumen of the bud, and this union is fii'st broken 
when the fully formed ^Kilypide is ready to ovagmate itself. Seeliger 
{'90, p. 582, Taf. XXVI. Figs. 8, 10) has described and figured a similar 
condition in Bugula. 

The young bud now becomes elongated (Fig. 80), the walls of the bud 
sometimes becoming closely approximated. A little later it begins to 
pass backwards relatively to the distal wall of the zotecium. A trans- 
verse section through the yonng polypide and the neck of the colony 
shows that the connection has become a less intimate one (Fig. 81, cev. 
p;/<l-). The tissue by which the connection is still effected is that from 
which the kamptoderm will be formed. It is apparently the esisteuce 



MUSEUM OF COMFAKATIYE ZOOLOGY. 57 

of this stage, in which the kamptoderm is long drawn out and easily 
overlooked in optical as well as actual sections, that led to the belief that 
polypide buds may arise independently of the body wall and only sec- 
ondarily become connected with it. 

At about this time the lumen of the (dimentary tract begins to be 
separated from that of the atrium. Thus, in the series from which Fig- 
ure 81 was taken the more oral ward lying sections show that the cavities 
of the lower and the upper parts of the bud, which at the anal end are 
broadly confluent, have here become separated by a constriction. A 
sagittal section of a somewhat later stage is shown in Figure 76, which 
is from Flustrella. Here we find the alimentary tract represented by a 
space in the lower part of the bud, broader at its anal than at its oral 
end and separated from the upper cavity — the common atrio-pharyngeal 
cavity, <». + atr. — by a line of nuclei which represents the line of ap- 
proximation of the inner layers of the two sides of the bud. The bud is 
attached to the body wall at its marginal (anal) end, and is free from it 
oralwards. (Compare with Paludicella, Plate III. Fig. 24.) It seems 
to me highly probable from these and other series of sections that the 
alimentary tract is separated from the rest of the lumen of the bud, not 
by an approximation of the inner layers of the bud along the whole ex- 
tent of the future alimentary tract at once, but that the rectal part is 
first formed and constitutes a large cavity, at first broadly open to the 
atrium above, and that the gastric portion is formed somewhat later by 
a progressive enlargement of the lower cavity of the bud, which now 
becomes constricted off from the atrium aud oesophagus above. This 
process is like that found in Paludicella (page 19), which forms a sort 
of transition to that of Phylactolaemata, described by Braem ('90, pp. 
45, 46) and myself ('90, p. 112). 

Prouho ('90, p. 448, Fig. 6) shows that the rectum at first appears 
as a blind sac open to the atrium at its posterior end, although later 
this opening is greatly reduced. Hence in the Flustrella larva also the 
space from which the lumen of the future rectum is to arise is formed 
before that of the stomach, although this part of the alimentary tract 
is the last to be cut off from the atrium. Seeliger ('90, p. 585) says 
concerning the formation of the alimentary tract in Bugula : " Der ganze 
Basaltheil des Polypids sich in der Mittelpartie durch zwei immer tiefer 
werdende Furchen von dem vorderen abschniirt, wahrend er an zwei 
Stellen, einer oberen und einer unteren, mit ihm in Verbindung bleibt. 
Die obere Verbindung entspricht dem Anus, die untere dem Mund." The 
author here seems to imply that the whole alimentary tract is formed at 
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one time ; but as lie baa not attended particularly to this point, this can 
hardly be said to militate against my riew. 

There is, however, in my opinion, a more important error in Seeliger'a 
deauription of the origin of the alimentary tract, — an error into which 
Kitsche ('71, p. 457) also fell. As in Phylactoli»mitta and Faludicella, 
80 also in marine Bryozoa in general, bo far as I have studied tlieni, the 
posterior and auterior parts of the alimentary tract are formed indepen- 
dently, aud their cavities coalesce only secondarily. The couatriction 
whicli separates the lumen of the hud into a cavity nearer, " vordrr" and 
one more remote from the body wall, " baeal," does not separate oflf the 
whole alimentary tract from the atrium. Neither does that constriction 
result iu the formation of a space opening into the cavity nearer the 
body wall, " Vordertheii," at au upper [distal] point (anus) and lower 
[proximalj point (mouth). Thus if one examines a complete series oE 
sections through a polypide oven of so late a stage as Figure 92 
(Plate X.), oue finds that, while there is an open connection between the 
anal end of the alimentary tract and the atrium, the oral end is at all 
points sharply separated from the cavity above by a double-layered wall 
of cells, as is shown in Figure 92, between te. and ga. Such a condition, 
moreover, has been found by Barrois ('86, pp. 73-76) in the primary 
polypide of Lepralia, and by Prooho, as just stated, in the primary 
polypide of Fhistrella. 

Origin and Development of the Ring Canal and Tentaclei. — Nitsche 
('71, p. 430) first described in Flustra a ring canal surrounding the 
mouth-opening and lying at the base of the tentacles, but did not refer 
to the origin of it. Seeliger ('90, p. 588) describes it in a young pol- 
ypide of Engiila, aa derived from the mesodermal layer. 

My own sections also show that it arises on each side of the ceaopha- 
gus as a groove lined by mesoderm (Plate X. Fig. 92, right). This 
canal, which is shown cut along its course in Plate IX. Fig. 82, can. 
ere, is not wholly aeparated from the body cavity, but communicates 
with it below the brain. This communication occurs in the section 
below that shown in Figure 82, near the point can. crc. This ring 
cnnnl at an earlier stage ia ahown iu Figure 87. It has not yet been 
formed backwards nearly so far aa the brain; anteriorly the section has 
traversed the tentacles under which it runs. The canal is also shown 
cut across in Figure 8G at the base of a tentacle, with whose lumen its 
cavity is directly continuous. 

The formation of the tentacles is closely connected with that of the 
ring canal, from the upper wall of which they arise. Since the upper 
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wall of the ring canal is two-layered, the tentacles are two-layered also. 
The outer layer of the tentacle is thus derived from the inner layer of 
the bud ; the inner layer, on the contrary, from the outer layer of the 
bud. It would be hardly necessary to make this statement, which 
agrees both with early and the most recent observations, had not Bar- 
rels ('86, p. 75, Fig. 48) referred to and figured the tentacles as having 
been formed from the inner layer of the bud only. 

My observations fully confirm Seeliger's ('90, p. 587) description of 
the manner of growth of the tentacles ; that is, that the outer e^dge of 
the ring canal, together with its tentacles, moves downward and outward 
along the sides of the polypide, turning the axis of the tentacle from a 
nearly horizontal to a vertical position, and increasing the area of the 
kamptodeim. Thus in Figure 92 this process has progressed farther on 
the left side than it has on the right. 

Nitsche C^^) P* ^^^) ^^7^ some stress upon the statement that the ten- 
tacles are not at first few in number, gradually becoming more numer- 
ous ; on the contrary, he says, '^ Ich sah stets, beim ersten Auftreten von 
Tentakelanlagen, 16, 17, oder 18 Stiick gleichtzeitig erscheinen." See- 
liger ('90^ p. 584) agrees with Nitsche in this respect ; but Prouho ('90, 
p. 449) finds the conditions different in Flustrella. Here the tentacles 
'^ ne se d^veloppent pas simultan^ment sur tout son pourtour, mais ap- 
paraissent d'abord de chaque cote du plan de sym^trie, puis se multi- 
plient vers Tarriere." As I have shown, 14 of the 17 tentacles arise 
nearly simultaneously in Paludicella, for here there are few of them ; 
and this is the case also in Escharella variabilis with its 17 tentacles. 

As the tentacles of both Flustra and Bugula are few in number,^ the 
statements may easily be considered to be correct for these genera. The 
tentacles of Flustrella hispida are much more numerous (30-35), and 
Prouho's statement may well be true for his form. In fact, my own ob- 
servations on this species are fully in accord with those of Prouho. 
Figure 77 (Plate IX.) represents a young polypide of a Flustrella corm, 
viewed from the roof as an opaque object. Six tentacles were visible on 
each side of the bud, but the oral and anal parts of the corona were yet 
incomplete. The remaining nine or ten pairs of tentacles subsequently 
arise oralward and analward of these rudiments. 

Much disagreement has prevailed concerning the number of layers in- 
volved in the kamptoderm of marine Gymnolsemata, in both the adult 
and the developmental stages. As in so many other cases, we owe to 

^ Bugula ayicularia has 14 or 15 tentacles, and Flustra (Membranipora) mem- 
branacea 20, according to Hincks ('80, pp. 76 and 140). 
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by the outer cell layer, the derivative of the meeodertn. Repiachoff (75, 
pp. 138, 139) observed iu Tendra (Membranipora) " die Doppelachiehtig- 
keit der Teutakelacheide uieht nur bei deu juu^eu Knospe sondern audi 
bei deu giinz ausgewacliBeneu, olfenbar subun lauget fuuctionireuden, in 
ihreoi mittleren Theile ganz brauuen ' Polypiden,' " and later ('76, p. 152) 
a Birailar two-layered eonditioa of the kamptuderm (Tentakel»icheide) 
ill Membranipora and Lepmlia. Ehlera ('76, p. 37) finds a single layer of 
celts iu the kamptoderni of the adult Uypophorella (Ctciioatome), which 
he believes is continuous with the eiidocyst of the body wall, and thus 
ia ectodermal. Ha finds neither longitudinal nor circular muscle fibres. 
Haddon ('83, p. 517) believes the kamptodemi to be derived from both 
the inner and outer layer of the poiypide bud. Vigeliua ('84, pp. 33, 82) 
describes it as arising from the mesoderm only (Parenchyniegewebe), and 
as being essentially oue-layered, both longitudinal and circular muscles 
lying in this layer. Barroia ('86, p. 74) derives the kamptoderni from 
the mesodermal layer only. Ostroumofl' ('8G", p. 15) believes the kamp- 
toderni to be two-layered and provided with muscles ; it is in hia opininu 
derived from both layers of the bud. Freeae ('88, pp. 18, 10) studied 
only the adult of Membranipora. He admits the presence of muscle 
fibres, but believes the kamptoderm one-layered. Pergens ('89, p. 507) 
states only that iu the Cheilostomea studied by him the tissue of the 
kamptoderm is oompoaed " aiis abgeplatteteu Zellen, zwischen welcheu 
Langs- und Ringrauakelfaseru eingebettet sind." Proulio ('90, p. 451) 
states that in the primary poiypide of Fluatrella thia organ is early 
differentiated, "et les deux conches de rudiment prennent part k sa for- 
mation." Finally, Seeliger ('90, p. 587); " Ea kann danach keinem 
Zweifel unterliegen, dass die Tentakelscheide ektodcmialen Uraprungs 
ist. . . . Das Meaoderm erscheint anf alien gelungenen Schnitten vou 
der Tentakelscheide seharf abgesetzt." 

It ia my belief that throughout the group of marine Gymnolremata, as 
in Palndicella and PhylactolFCmata, the kamptoderm is derived from both 
of the two layers of the poiypide bud, ia provided with a strong system 
of longitudinal and a slight one of circular mnaclea, and contains in the 
adult two layers, or at least modified representatives of two layers. I 
have arrived at thia cnncluaion from a careful study by sections of the 
following genera : Bngnla, Lepralia, Escharella, Fluatrella, Bowerbankia, 
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&nd Crisia. The existence of two layers was easily demonstrated in all 

oases in the young polypide by cross sections of the ** neck." The two 

layers are of nearly the same thickness, and distinctly separated from 

each other. The presence of two layers in the adult is more difficult to 

determine, but it was always indicated by the occasional presence of 

"two nuclei lying side by side, and especially at the attachment to the 

diaphragm. The presence of muscles was demonstrated in all cases 

(except Bowerbankia, where my few sections did not show the proper 

region) upon tangential sections of the sheath. I may add, that the 

existence of muscles is wellnigh conclusive a priori evidence of the 

existence of the mesodermal layer, since nowhere else in Bryozoa, so far 

as I know, do muscles .arise from any other layer. Prouho's evideuce in 

support of his position is perfectly satisfactory to my mind, certainly 

more so than the negative evidence of Seeliger in support of his. la 

further support of my statements I may refer to the condition of the 

kamptoderm (kmp'drm.) in Figures 92 and 83, Plate X. 

Nervous System, — Since Dumortier discovered, in 1835, a ganglion in 
Lophopus, there has been seen in marine as well as fresh water Bryozoa 
a body which has been considered, with greater or less certainty, to con- 
stitute the central nervous system. Overlooked by Farre, it was, I be- 
lieve, first described for marine Gymnolsemata in 1845 by van Beneden, 
co-worker with Dumortier, for Laguncula (Farrella). Nevertheless, up 
to the present the efidence of its being a ganglion homologous with that 
of Phylactolsemata has not been satisfactory. The homology can be estab- 
lished only by determining its similar origin with the brain of Phylacto- 
Isemata ; its function can be best established by showing the existence of 
ganglionic cells and fibres. I hope to have advanced our knowledge in 
both of these directions. 

At about the time that the oesophagus and stomach have become con- 
fluent, one notices a papilla-like elevation of the floor of the atrio-pha- 
ryngeal cavity. This has been noticed by Korotneff (74) in Paludicella, 
and by Nitsche ('71, p. 459) and Seeliger ('90, p. 586) in Cheilostomes. 
It has been called by them " Epistome," and compared with that of Endo- 
procta or Phylactolsemata. In my own opinion, it is merely a structure 
brought into prominence by the sinking down of the floor behind it to 
form the ganglion (Plate X. Fig. 86, g7i,). This depression has been 
seen by Barrois ('86, pp. 74, 75) and Prouho ('90, p. 450), and rightly 
interpreted by them as probably destined to give rise to the central 
nervous system. That this is the correct interpretation is shown by 
later stages from different species, as Figures 89 and 83, in which we see 
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the gaoglioD gradually assuming tbs position it lias ia the adult, on. the 
anal side of the pharynx at the base of the ana! tentacles. 

A section across the pharynx in such a stage as Figure 83 ia shown 
in Figure 87. A comparison with Figure 51 (Plate V.) of my Crista- 
tella paper (Davenport, '90) will ahow a great similarity of conditions at 
about the same age, and can leave no doubt concerning the homology of 
the regions marked in both casea lu.gm. ; or compare Tif.VIII. Fig. 100, 
nk., of Braem's ('90) magnificent work. A section through a later stage 
is sbown in Figure 82. The brain has already sent out circumoesopha- 
geal nerves, as in Paludicella. The central part of the ganglion does 
not atain ; one sees only a granular mass, sometimes with signs of short 
fibres. In the cornua («') one occasionally sees very large clear nuclei 
with a single nucleolus, lying in the midst of a cell mass which is 
spindle-shaped and stains more deeply than adjacent cells. These remind 
one strongly of bipolar ganglionic cella, hut fibres could not bo traced 
far from their pointed ends. Series of sections of Flustrella parallel to 
Figure 82 show, as one passes below the level of the ganglion, a con- 
tinuous band of cells extending down from it towards the cardiac valve 
and between the cell layer lining the cesophagus and the surrounding 
mesoderm. One is reminded of the exactly similar conditions in Palu- 
dicella (page 26), and of the " linienartige Zeichnung" seen by Nitache 
('71, p. 43!) and Vigelius ('84, p. 42) in the same place in Flustra. 
These facta go to indicate the existence of a gastric nerve. 

At about the time at which the ganglion arises, the cavities of the 
stcmach and the cesophagus become confluent (Fig. 86 ce.). At this 
stage (somewhat earlier than Figure 80) the alimentary tract consists 
of a U-shaped tube of nearly uniform calibre, and without any indica- 
tion of the ccecum. The tentacles lie in two parallel rows in the middle 
of the bud, the corona being incomplete both in front and behind, but 
less so oralwards than towards the anus (Fig. 77, atr.). In fact, ■while 
new tentacles are formed later towards the oral median line, they never 
appear behind the lino atr. This hinder region has another fate. Its 
wall increases very greatly in area, diminishes correspondingly in thick- 
ness, and forms a large part of the kamptoderm lying behind the post- 
oral tentacle in Figure 86. With this growth of the kamptoderm the 
anus is carried backwards, and farther and farther from the posterior 
ends of the rows of tentacles, immediately behind which it formerly lay. 

As the kamptoderm grows in area, the polypide comes to lie in the 
prosimal part of the zocecium. Pari passu with this process occurs the 
roiation of the oral terUaelee, as in Paludicella. The oral tentacles which 
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at first lie perpendicular to the roof of the colony (Fig. 86) gradually 
come to lie parallel with it (Figs. 89 and 83). The CBsophagus loses its 
elongated, latei^lly compressed form, and becomes circular, and the gan- 
glion lies just below the mouth-opening. Not until now, in fact, can one 
speak of a mouth. It was not at all formed synchronously with the anus. 
To illustrate this process I have taken three different genera represent- 
ing different stages. Similar stages could have been obtained from each 
genus. By using three genera, the similarities as well as the dissimi- 
larities of the process are indicated. Among other things, the larger 
size of the polypide and shorter kamptoderm of the Ctenostome Flus- 
trella (Fig. 89) is noticeable. 

Lastly, the coecum is formed as a wholly secondary differentiation of 
the alimentary tract. This arises in some species relatively earlier than 
in others ; thus it is better developed in Figure 86 than in the later 
stage of Figure 83. 

The lining cells of the alimentary tract now rapidly undergo the dif- 
ferentiations characteristic of the different regions. The most extreme 
modification takes place in the pharynx. In Cheilostomes the cells of 
this region gradually become vacuolated, until finally very little stain- 
able protoplasraa remains. The nucleus lies at the deep end of the cells. 
A very peculiar modification of the cell walls takes place, in that they 
become plainly perforated by holes through which the adjacent cells 
are in communication (Fig. 85). It is in a region similar to this that 
the cells become cuticularized in Bowerbankia to form the so-called 
gizzard. The pharyngeo-cesophageal region is also provided with a very 
powerful musculature of circular muscles (mu,, Figs. 85) 86). 

Concerning the origin of the muscles I have made very few studies. 
The parieto-vaginal muscles seem to arise, as in Paludicella, from^ 
around the neck of the polypide, and the retractors from the oral end 
of the polypide bud {mu, ret,, Fig. 89). 

The neck of the polypide sinks below the general level of the body 
wall by an infolding of the latter, as described for Paludicella, and the- 
mass of columnar cells which passes down with it forms, I am confident, 
the diaphragma of Nitsche (71, p. 432), which is thus exactly com- 
parable with the mass of cells around the atrial opening of Paludicella 
in Figure 45, of. atr. (Plate V.). According to this view, then, the dia- 
phragma is not placed at about the middle of the kamptoderm, but at 
its proximal end, and all that lies between it and the outer body wall — 
the non-evaginable portion — has been formed in the elongated neck, 
exactly as the non-evaginable portion is foimed in Phylactolaemata (see 
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Davenport, '90, Plate IX. Fig. 77, Piute XI. Fig. 98) and pHludioeJlB 

(Plate V. Figs. 50 and 45). 

As my purpose ta not 80 much to preeent a complete organogeny of 
Bryozoa as to sLow the method of origin of the bud and the fate of the 
ItiyerB, I haye had to desist from carrying on my studies further in tho 
organography, and have left many interesting and important questions 
uuBolved J audi, for instanue, as the development and structure of avi- 
cularia, the presence of an excretory system, and the degenerative pro- 
cesBeu which occur with regularity in the polypides. 

3. Reaenkratios of the Poltpide. 

I have been led to study the regeneration of the polypide because 
OatroumofF seems to believe that in regenerating buda the digestive epi- 
thelium of the stomach is derived from an extraneous source, — the 
brown body. Thus he saye ('86', p. 340) the brown body appears as a 
ccecal appendage of the young digestive tube. " C'est sur ce dernier 
[tube digestif] qu'on trouve un groupe de cellules affectant la forme 
d'un bonnet et se reunissant tres tot ft Tangle proximal du rudiment 
ectodermique. A mesure que lea celliOes du bonnet, ainsi que la tuasae 
brune, aont employees a la foimation do la portion mnyenne du tuba 
digestif, ces dernicrea se debarrasaeut de leur contenu," etc. 

The external phenomena of regeneration are well known. In the 
Membranipora stock, for instance, one seea polypides being produced at 
the margin, and one finds them older and older as one passes backwanis, 
until finally tliey are seen to be wholly degenerate, and to be replaced by 
young polypides. Thus, in passing backward along a single row of indi- 
viduals in a Memliranipora stock about 18 mm. long, I have seen this 
proceaa of regeneration recurring four times. In Aloyouidiun, too, one 
finds an apparently regvdarly recurring degeneration and regeneration 
of polypides. In the mat-like Cheiloatomata the regenerating polypide 
(Pkte VIII. Pig. 71, pi/d. rgn.) is always found at one place, — namely, 
on the operculum, — that ia, proximal of the opercular opening.^ In 
Flustrella it ia found in a similar position on the dorsal body wall, proxi- 
mal of the cuticularized introverted portion. My studies have been 
chiefly made on the Cheilostomata. Figure 91 (Plate X.) represents an 
early stage in the formation of a regenerating polypide. Here, as in the 
marginal polypides, there is a typical invagination involving the two 

Haddon f'S3, pp. 623, 623) has found the regenerating polypide arising fhim 
same place in Flaetra membranacea and in Eucraten, and Ostroamoff ('86*, 
19) in ClieitostoTnea in general. 
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layers of the body wall (i., ex.). Owing to the reagent, the body waU is 
slirnnken from its contact with the operculum (op.). 

If one inquires what has been the histological conditions of this region 
antecedent to this stage, one must look to younger adjacent and mar- 
^nal zooecia, since they reproduce these conditions. I will again call 
attention to Figure 88, which represents a cross section of the body wall 
through the region of attachment of the kamptoderm of a young pol- 
ypide of about the stage of Figure 83. This, then, represents the neck 
of the polypide, and it is from about this region that the operculum and 
finally the regenerating polypides will arise. The cells are columnar, 
and stain deeply about the nuclei, and both cell layers are well devel- 
oped. Elsewhere in this same individual the body wall is composed of 
smaller, flatter cells, and two layers are not easily distinguished. The 
region of the future operculum possesses at an early stage some of the 
largest, most columnar cells of the body wall. The cells of this region 
do not, however, retain their peculiarly large size throughout life, but 
in the adult we find the same region occupied by a flat epithelium, 
nearly as thin as the epithelium shown in Figure 90. Meanwhile 
the epithelium of the rest of the body wall has become still more 
attenuated. The difference between the body wall of the operculum 
and that of adjacent regions is best shown by the greater abun- 
dance of nuclei under the opercular region when the stained stock is 
looked at in Mo from the roof (Plate VIIL Fig. 71). The regions of 
the future opercula are seen, in young zooecia (Fig. 71, 4i ^), to be 
patches of densely packed nuclei. The opercula of older zocecia show a 
slight preponderance of nuclei, and thus* indicate more numerous cells. 
It is from such a region, then, that the young regenerating polypide 
arises. 

As in the case of the marginal polypides, so here, the lips of the 
invagination pocket close and become fused to form the neck of the 
polypide (Plate X. Fig. 84). The later stages of the development of 
the regenerating polypides seem to be the same as those of the marginal 
buds. Figures 74 and 89 are, indeed, regenerating polypides. I cannot 
find any evidence that the alimentary tract, or any part of it, is formed 
in regenerating buds by a method differing in any essential particular 
fi*om that in marginal buds. 

It is well known, however, that the degenerated polypide which forms 
a " brown body " in the old zooecium eventually disappears. Haddon 
('83, p. 519) maintains that in the developing regenerated polypide 
" the walls of the stomach, or, more strictly, that portion of the stomach 
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which forms the gastric ccBCum, grow round and envelop the brown body, 
BO that the brown body passes aa a whole into the ahiuentary tract of the 
young Fluatra," It Beems to me that the burden of proof of such a 
remarkable occurrence lies with him who UEserts its exlBtenoe, and 
tainly sufficient evidence is not presented by Haddon. 

To settle this question iu my own mind, I cut a series of thin eeetii 
through a part of a stock of Eacharella (which in budding ahowa a prac- 
tical identity with Flustra), in which all stages of regenerating polyp- 
ides were to be found. From complete series, at critical agea, 1 utterly 
failed to find any indication of the inclusion in toto of the brown mass 
by the polypide. But I found tha alimentary tract of the polypides 
usually applied to the brown body (pyrf. dffn.'), as shown in Figure 92. 
At this stage the degenerated mass is surrounded by spindle-shaped cells, 
and just within these by a homogeneous or lamellated sheath, At later 
stages the elements of the degenerated mass were seen to be more loosely 
associated. The cells of the alimentary tract at the same time appear 
highly granular, and a granular coi^^lum often partly fills the alimentary 
tract. Before the new polypide is ready to expand itself, the brown body 
as such has often wholly disappeared. Just as my sections leave no 
chance for the brown body to be included en masse by the alimentary 
tract, so too do they yield no evidence of the addition to the latter of 
new cells from this degenerate mass, aa Ostroumoff, in the sentence 
quoted above, implies. 

The interesting facta of degeneration in Bryozoa dejerve a more careftil 
study than I have been able to give them. We are quite ignorant of the 
physiological significance of the regularly recuiTing degeneration and 
regeneration in certain Bryozoan colonies. Ostroumoff ('86', p. 339) has 
offered an interesting hypotJiesis, to the effect that the degeneration of 
the polypides, the remains of which are taken into the stomach of the 
regenerated polypide and the undigested portion of which is cast out with 
the fsces, is a method of excretion, made necessary to these animals from 
lack of urinary tubules. 
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IV- Origin of the Qemmiparous Tissue in Phylactolaemata. 

After having found that in Paludicella and the marine Bryozoa, aa in 
Phylactoliemata, the growth of the colony takes place at the margin or 
tips, and that it is here primarily that buds originate, and after having 
thus found that throughout the group all of the organs of the polj'pide 
are derived from two layers, of which the inner gives rise to organs so 
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dissimilar in origin as the central nervous system and the alimentary 

tract usually are, it becomes a matter of no little importance to solve 

the two problems, what is the origin of these growing regions, and what 

that of the two layers. Through the works of Barrois (*86), Ostroumoff 

('87), Yigelius ('88), and especially Prouho ('90), on the metamorphosis 

of the larva and formation of the first polypide of Gymnolsemata we 

are fairly well acquainted with the facts in this group ; but a careful 

study has not heretofore been made of the PhylactolBemata with reference 

to the points mentioned above. Korotneff ('89) and JuUien ('90) have 

published quite extensive papers on the ontogeny of Phylactolsemata, 

which describe too incompletely the stages which should reveal the 

required facts. 

In order to throw a little light on these questions, I undertook the 
study of the embryology of two species of Phylactolsemata. But before 
beginning the account of what I have found, it is necessary to remind 
the reader of some facts concerning the origin of the polypides in the 
adult colonies. For our knowledge of these we are chiefly indebted to 
Braem ('90, pp. 18-32) ; it has also been my privilege to confirm many 
of them. 

The details of the budding process are slightly different in Plumatella 
and Cristatella. In the latter genus the body wall becomes highly mod- 
ified as it grows older by the formation of secreted masses which nearly 
fill most of the ectodermal cells. In Plumatella, on the contrary, the 
ectodermal cells retain, for the most part, a more primitive, unmodified 
condition. Here, moreover, by a rapid growth at the neck of the pol- 
ypides, the individuals are carried to considerable distances from one 
another, whereas in Cristatella there is a less rapid growth resulting in a 
compact stock. 

In Plumatella, the whole of the embryonic tissue from which any bud 
arises does not go to the formation of a polypide, but a part of it re- 
mains as the neck of the polypide, and gives rise by cell proliferation to 
the body wall and the Ardage of a new bud. Thus the Ardage of each 
bud is part of that of a preceding bud. The question remains yet un- 
solved. Whence came the Ardage of the first polypide ] Since the em- 
bryonic tissue of the inner layer of the bud, which seems to take the 
most active part in the formation of the bud, gives rise to both the lining 
of the alimentary tract and the wall of the brain, it becomes an ex- 
ceedingly interesting question, From what germ layer is this inner bud 
layer derived 1 

In Cristatella, as in Plumatella, not all of the embryonic tissue from 
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whioti any bud arises goes to form that bud ; but socoe of it is, appar- 
ently, passed aluug uuder tlie liiglily mGlaaaorphuaed cells of the ecto- 
derm, agaiu to divide itself, one part going to form a new polypide, the 
other to form the Aidagea of uew buds, lu Cristatella, this embryonic 
mass of cells of the iuner layer of the bud seems to be to a considerttble 
extent iudepeudeut of tbe highly metamorphosed eotoderm, and to fomi 
at places a sort of third layer, lying below the true ectoderm and above 
the muBiiularis with tbe ccelomic epithelium. Here, too, while it ia 
easy to see bmja ariaa from preceding buds in tbe adult colony, we 
oauuot consider our question answered until we have discovered the 
origin of the cells from which, as from a stolon, the Anlagen. of polypidea 
Buccefii!ively arise. 

I desire to say that I have avoided giving a full account of the on- 
togeny of these species, both because it is not directly required for the 
solution of the problems ia hand, and because we are promised studies 
in this field by Braem. 

The eggs of Pbylactoliemata arise, as has long been affirmed, from the 
caslomic epithelium of the body wall, Tiie evidence of this is conclusive, 
for one often sees in a single eectiou various stages in the development 
of the eggs. (Plate XI. Fig. 93, ov'.) It is also to be observed that 
they do uot arise indiscriminately from any region of the body wall, but 
always close to the neck of a poly|>ide. Sooner or later these eggs, 
surrounded it may be by a few follicular cells, are enclosed in an ooacium, 
and here undergo their development up to the stage of a young stock, 
possessing perhaps a dozen immature polypidea. In the figures on 
Plates XI. and XII. the ocBciuui (o«.) haa been usually drawn, but in 
Figures 100 and 101 it has been omitted. As a result of cleavage, a 
blaatula is formed, and from one pole of this — the pole nearest to Ike 
neck of the oacium — cells are given off which move into the blastocosl 
(Figs. 94, 98) and finally come to line the cavity. It ia important to 
observe that in the earliest stage of this process found there were four 
inner cells, of which two are represented in the section {Fig, 94, ms^dr-m. 
+ en.'drm.). Thus the two layers of the adult body wall are established. 
Up to this stage the conditions are practically the aame in Cristatella 
and Plumatella. From now on, they are somewhat different in the two 
genera. 

The first difference to be noticed is in the ooscium itself. In Crista- 
tella the cells composing this rapidly become a pavement epithelium 
(Fig. 97} ; in Plumatella, on the contrary, the cells of the oceciutn 
remain columnar (Fig. 99). The neck of the ocecium also differs in the 
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^W'o cases. lu Cristatella it is long, thick, and filled with a dense mass of 
^arge cells (Figs. 95, cev. oce., and 101 ♦, 102 ♦). In Plumatella (Fig. 99) 
^t is very short. 

The second dififereuce concerns the embryo itself, and is connected 
^ith the formation of the first polypide. In Plumatella (Fig. 99) the 
first indication of the formation of the first polypide occurs at or 
Very near the neck of the ooecium, or, since the ingression of cells 
into the blastocoel took place at the pole of the blastula nearest the 
Heck, we may say near to the pole at which ingression occurred. 
The cells of the outer layer (t.) are elongated and contain large ellip- 
soidal nuclei which are often pressed close together. Ail of the cells 
of the larva stain more deeply at this pole than elsewhere, and those of 
the inner layer rather more deeply than those of the outer. The nu- 
clei are also very large, those of the outer layer being possibly more 
prominent than those of the inner ; but the difference is not so marked as 
in the drawing, where too the nucleoli of the inner layer are represented 
relatively too small. Even at this stage one finds in another section 
of the same embryo the beginning of a second polypide, whose position 
is indicated at *. This second polypide is indicated merely by a con- 
siderably thickened inner larval layer, and a very slightly thickened 
outer one. The two polypides are thus seen to be wholly independent 
of each other. The first invagination further advanced is seen in cross 
section of the whole larva in Figure 96. The entire outer layer would 
seem at first sight to be involved in this invagination ; but even in this 
figure there are seen one or two nuclei which lie under the ooecium at 
the place of invagination. I believe that they will not be involved in 
it, for at a very little later stage (Fig. 104) one finds a layer of cells 
lying over the invaginated bud, which I believe are destined to form the 
ectoderm of the body wall at this place. 

Later stages in the development of the larva in this species are 
not shown. The bud follows, I am confident, the same steps that are 
pursued by the bud in the adult colony. A placenta-like connection 
of the larva with the ooecium, which was first described by Korotneff 
(*87, p. 194), begins at about this stage, and continues until two well 
formed polypides are present. This " gUrtelformige Placenta" begins 
to form in about the middle of the young embryo, and the elongated 
cell of the outer layer of the larva, in contact with the ooecium shown 
on the left of Figure 99 below the *, is, I believe, the first indication 
of it. The ooecium and larva both continue to increase in size, and 
the walls of the former become thinner with their increase in area. 
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The attachmeDt of the ooecium to the body wall of tbe mother stoolc 
always remaiua small, as in Figure 99, and the embryo, in my eiperi- 
cace, dooB not come in contact with it. 

The formation of the first polypide in Crxatalella is preceded by 
another process. Just as iu the adult colony the inner layer of tlie 
polypide does not arise by invagination of the ectoderm, but from the 
Btolouic cells lying at the base of the ectoderm (see Davenport, *90, 
pp. 108, 109, Figs. 4 and 15), so too in the embryo. The firat process 
tiieu must be the formation of the stolonic cells. Figure 101 shows at 
the point marked ilo. (which is at the pole of the embryo whence the 
inner-layer oelk originated) that certain of the cells of the ectoderm ap- 
pear to be nrohiug over a disk, containing about six cells in section, and 
thus coming in contact vfith tbe cylinder of cells {*) which projects 
from the oeok of the ocecium. By a continuation of this process, the 
central disk of cells gradually comes to lie below the general level 
of the ectoderm, and to be cut off from contact with the neck of the 
ofBcium (Fig. 97, rfo.). The position of the stolonic mass with refer- 
ence to the neek of the polypide in this last figure must be considered 
abnormal ; it is at any rate eioeptional, as it lies at one side of the neck 
of the ouscium, which does not, therefore, appear iu this section. The 
nest later stage which I have found is shown in Figure 102. The sto- 
lonic mass seen lying beneath the ectoderm in Figure 97 has here 
already given rise to a young piolypide (i., ex.'), and its area is increas- 
ing iu all directions by cell division {sfo.). The beginning of a sec- 
ond polypide is indicated on the right at Ho. The ectoderm is seen 
lying above this stolonic mass, and closely applied to the neck of the 
ooscium (■)■ 

Neither at this nor at any subsequent stage have I been able to 
detect in Cristatella any "giirtelformige Placenta" such as exists in 
Plumatella. I am therefore of opinion that the process of nutrition, 
which is effected in Plumatella from the ocecium through its placenta, 
is effected in the Cristatella larva by its attachment to the neck of the 
ocecium. I am pleased to see that Jullien ('90, pp. 13, 14) has also 
reached this conclusion in a papwsr which he has had the kindness to send 
me. At a later stage, the embryo, or young colony, seems to l)eooniQ 
detached from its intimate association with the neck of the ocecium, as 
we see in Figures 95 and 103. 

Figure 103 represents a stage in which there are two well developed 
buds, both shown in the section. There is, in addition, on another section, 
one less developed. The stolon is seen passing oralward of these twr^ 
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primary polypides, or rather the primary and secondary one. Moreover, 

AS the series of sections shows, the stolon does not exist merely iu this 

section, but it is a disk which is cut here in one of its diameters. A sepa- 

lotion of the stolonic mass has occurred between the two oldest polypides, 

^ that the ectoderm is here in contact with the cojlomic epithelium, 

J^t as is the case between buds iu the adult stock. As the colony iu- 

c^^eases, the inner and outer margins of the stolonic tissue continue to 

®^tend farther outward, and this tissue forms at first a broad ring of 

®'^er increasing diameter. Later, as the area of the stock increases, the 

^Og becomes broken, so that, instead of growing along an infinite number 

^r radii, its growth is confined to a few, as in the adult colony. 

I will defer a discussion of the significance of these facts to the gen- 
^J^ part of this paper. 

• 

B, GENERAL CONSIDERATIONS. 

I. Laws of Budding. 

Carefully conducted studies on stock building have generally revealed, 
just as these on Bryozoa have shown, a law in budding. This law in 
budding results in the formation of a stock the interrelation of whose 
individuals is a determinate one. I now propose to offer an hypothesis 
to account for the existence of these laws, and then to show how facts 
of budding in Bryozoa and other groups can be explained by means 
of it. 

And first of all I must acknowledge that this hypothesis, although 
perhaps here first formulated, really depends upon observations and de- 
ductions made long ago on this group, first by Hatschek, who from 1877 
has maintained that individuals do not arise independently of one an- 
other, and secondly and mostly to Braem, who in *88 (pp. 505, 506) 
declared of PhylactolsBmata " dass in dem Stock keine Knospe entsteht, 
die nicht auf das embryonale, d. h. den specifischen Leistungen der 
Korperwand noch nicht angepasste Zellmaterial einer alteren Knospen- 
anlage zuriickgienge und dass somit in der ersten Knospe des keimen- 
den Statoblasten sammtliche Knospen des kiinfkigen Stockes implicite 
enthalten sind." Not less is the following hypothesis indebted to the 
ideas of Rouz and Fraisse, and to Nussbaum, who has said (*87, p. 
293) : " Ein lebendes Wesen ist somit als Ganzes oder in seinen Theilen 
soweit individualisirt und verganglich, als die Gewebebildung und die 
Theilung der Arbeit vorgeschritten ist ; das Ueberdauem der Einzelexis- 



-.A^iMMl 



72 



BULLETIN OF THE 



torn, die Tbeilbarkeit auf gesclileohtliisliem oder ungeaohlechtlicLani 
Wege, Bpontatt oiler kiinBtlicb bedingt, iet an daa Vuriiuudcuseiu undit- 
ferenzirter Zelleu gebuudeii uud iat uiii bo grosser, je woiter im Orgauifl- 
mua dieae Zelk'n verbreitet siud"; and, finally, to tlie ides wLich is 
implied iu tbe coiiclusioiiB of NuaBlwmn {'80, pp. 106-113) aod Weis- 
maun, that gerinplaama doea not find its origin iu the parent iudiTidunla, 
but ia merely borne by tbem in its unbroken paaaage from genoration 
to generation. 

This hypotheais ia simply that there m in tveri/ ttoek of Bryotoa a mats 
of indifferent celt material which ia derived directly from indifferent edix 
of tlie larva or embryo, and whose function is to form the organs of tlie to- 
rioue individuals, includin.g the polffpidea. Tliia indifferent cell material 
lies iu the body wall, priuoipally at the growing tip or mai'gin of the 
stock. By its growth and dilFereutiation it gives rise to the body walL 
muscles, etc., aud at intervals it leaves behiud, as a portion detached 
from itself, a mass of indifferent cells, which is capable of forming a polyp- 
ide, or of becoraiog a new centre of growth, or of both. Which of these 
poaaibilitiea will be fulfilled, where and when theae maases of indifferent 
cells will be left behiud, depeuda upon the necesaitiea of the species, and 
the variations in these respects give rise to the peculiar characters of 
tbe different stocks. 

Thia hypothesis differs from that of Braera in that the pre-exiatence 
of a Knoipenaidage assumed by Braem is, according to my view, a non- 
essential feature in the formation of the colony ; the pre-eiistence of an 
indifferent cell maas, which does not itself constitnte buds, but may give 
riae to masses which can, is the only easeutiid feature. 

Aa a first application of this hypothesis I refer the reader to tho con- 
ditions of stock formation in Puludicella, already described. We find at 
the tip of the colony a mass of large proliferating cells, which I regard 
as histologically undifferentiated. These cells give rise to tbe body wall, 
— the cyatid, — and at intervals leave behind three masses of cells, which 
I regard, from the fact that they retain their cuboid condition, aa well 
aa from their ultimate fate, as indifferent or embiyonic. The median 
maas of each of these gives rise to a polypide, and to one only. The 
lateral masses form centres of growth similar to the one from which they 
were derived. 

In order to reproduce the arrangement of individuals in the stoclt ra- 
siilting from thia manner of budding, we may make use of aome graphic 
method of representation, as Sraitt {'63', pp. 139, 140) did long ago, and 
as Allman (TO), Semper ('77, pp. 67-78), Chun ('88, pp. 1167-1180), 
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Braem ('90, pp. 33 and 44), Ehlera ('90, p. 9), and others, have since 
done. I shall represent the mass of indiflferent cells by an asterisk, 
and individuals (according to Chun's nomenclature) by the use of the 
large and small letters of the Roman alphabet, and, finally, by Greek 
letters. The typical stock of Faludicella might then be graphically 
represented thus (cf. Plate I. Figs. 2 and 2') : — 

* c * 

* * 

« a b a « 

* i9 aaa i9 « 



(1) 






* a « 
C 

* a « 

* 



* 
« b « 

* * 

* a a a * 

B 

* * 

* a a a ♦ 

* b * 



« $ UR afi Hf 

*a b a « 

* c * 

• * 

Here the letters indicate polypides or their Anlagen^ and the asterisks 
indifferent tissue. The individuals represented by capital letters may be 
called primary individuals ; they may be said to belong to thd primary 
series, and to have been derived from the primary indifferent mass. 
The individuals represented by small Roman letters vfiW then be secon- 
dary individuals, belonging to the secondary series and arising from sec- 
ondary masses, etc. It is to be observed that this indifferent tissue is 
here found only at the tips of branches or Anlage of such. No asterisks 
are found adjacent to the adult polypides A, B, C, etc., which have 
given rise to lateral branches, and these have therefore no power of pro- 
ducing new parts of the colony. The asterisks must not be regarded as 
having been descended from the letters which they adjoin, but from the 
terminal asterisks only ; that is to say, in Faludicella embryonic tissue 
has originated from terminal embryonic tissue, and not from indifferent 
tissue left remaining alongside of the polypides. 

Conditions differing in an interesting manner from these were found 
by Braem ^90, pp. 18-32) and myself (Davenport, '90, pp. 103-106) in 
Phylactolaemata. In Flumatella Braem has shown ia the clearest man- 
ner how some of the embryonic tissue around a polypide at the proximal 
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end of a nascent branch is carried away to the oral side of the " mother (r^ 
polypide," and lays the foundations of another polypide. In like man- 
ner the embryonic tissue around the '' mother polypide " may give rise 
to one or several additional embryonic masses. He has also (pp. 29- 
32) shown in the most convincing way that each mass, particularly in 
the case of secondary buds, consists of two parts, of which one goes to 
form the polypide ; the other contributes to the further growth of the 
common cystid and the formation of new embryonic masses. Since 
here every embryonic mass is in intimate relation with a polypide, and 
since the polypides arise nearly in one plane, only secondarily moving 
out fi*om it, the relation of individuals may be expressed by a formula* 
occupying a single line. Braem has thus expressed it: — 



(2) D c c^ B c Bi Bs A 

According to the system adopted for Paludicella, this may be givei 
thus : — 

(8) *a*a*b«A*a*B«C4^ 

or, more developed, thus : — 

(4) *ai *a *$ «a *a *b *c *A *a «a *b «B *a*C *D 



-JLt 

a 



in both of which the right hand asterisk {^) takes the place of the A a 

the right of Braem's diagram. These symbols denote that we have 

mass of indifferent tissue connected with each polypide, or the Anlage o^ ^^^ 

such ; and this indifferent mass, as well as the adjacent polypide, wi 

derived from some other indifferent mass. Thus the masses connec 

with A, B, C, D are to be regarded as having been cut off from the em——' -^' 

bryonic mass at the extreme right ; and each of these secondarily givea^^ ^^ 

rise to the polypide buds a, b, etc., and their embryonic tissue. Thus^^ ^ 

we have to do with centrifugal budding only. 

In CristateUa the conditions are essentially similar to those in Plama ' 

tella, the chief difference being that usually only two polypides with 
their embryonic masses arise from each polypide. This condition may 
be represented by the formula : — 

(5) *ai «a mfi *a «a «b [*]A «a «a «b [*]B [^t] 

in which the embryonic masses originally attached to A, B, etc., are 
bracketed to indicate that they are normally no longer active in giving 




MUSEUM OF COMPARATIVE ZOOLOGY. 75 

rise to new polypides. As a matter of fact, the secondary rows often 

make a greater or less angle with the primary ones, and as a result 

lateral branches are formed Taking this character into account, the 

Cristatella formula might be written : — 

* 

* b 

*ai — a I 

I w 

I 
(6) *b - WB - l« 

I 
*a — a 

This representation indicates the &ct that the first formed buds (A, a, ce, 
etc.) are lateral ones; the second, median (Davenport, '90, p. 106). 
Intermediate stages between the condition in Plumatella, in which an 
indefinite number of polypides and geramiparous masses can be budded 
off from pre-existing gemmiparous masses, aud the condition in Crista- 
tella, in which only two such arise, occur apparently in some species of 
Plumatella, in which, as Braem C90, p. 31) has shown, few polypides 
are produced from any gemmiparous mass, and all but two of these gen- 
erally do not develop. In the young corms of Cristatella, on the other 
hand, more than two polypides may thus arise. 

Other Ctenostomata show a regularity in the budding process similar 
to that of Paludicella, and exhibit instructive variations upon it. 

Victorellay an interesting Ctenostome occurring in slightly brackish 
water, and first described by Kent C70) in 1870, possesses, according to 
the pr^nant observations of Ej-aepelin ('87, pp. 75, 76, 154-157), a 
stolon-like tube, from which at intervals polypide-bearing " cylindrical 
cells" arise. Ej-aepelin ('87, pp. 155-159) has shown it to be in the 
highest d^ree probable that the protrusion of the body wall in the neck 
region of the polypide of Paludicella is the homologue of the " cylindrical 
cells " of Victorella, and that the remainder of the zooecia of Paludicella 
is homologous with the " stolon " of Victorella. While in Victorella the 
cylindrical cell is developed to such an extent that the retracted poly- 
pide is still included within it, and the stolon remains of small calibre, 
in Paludicella, owing to its shortening, the retracted polypide must seek 
refuge in the stolon, whose diameter is consequently increased to receive 
it. Evidence for this is found in the stolon-like nature of the youngest 
zooecia of a hatching winter bud of Paludicella Ehrenbergii, and in the 
elongated cylindrical cell of the adult Paludicella Mtilleri, Kraepelin, 
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in ivhich the heavy asterisks represent the budding tips of the stock, 
which give rise to new individuals (tips of the stolons), and Op /3j, etc. 
indicate individuals of the fourth order. The lighter asterisks indicate, 
as before, points of proliferation from which new buds may arise. 

It seems highly probable that Victorella finds near allies in Mimosella 
and other genera of the Stolon ifenu 

In Hypophorella expansa^ according to Ehlers ('76, pp. 5-9) and 
Joyeux-Laffuie (*88, pp. 137-139), the stolon is composed (as in Vic- 
torella), of a number of intemodes, each separated from the other by 
communication plates, and bearing on the distal end typically a feeding 
zooid (Nahrthier) and a lateral stolon. It seems to me that the jointed 
condition of the stolon is reasonably accounted for in the same way as 
that of Victorella, by supposing that each intemode, together with its 
zooecium, is comparable with the whole indvidual of Paludicella. The 
'^ feeding zooids" of Hy{K)phorella will then be comparable with the 
Cylinderzelle of Victorella. Two facts are opposed to this view : first, 
the polypide is not formed primarily in the stolon, coming only secon- 
darily to lie in the Cylinderzelle as in Victorella ; and, secondly, there is a 
Rosettenplatte in Hypophorella between the feeding zooid and the stolon, 
while none exists in Victorella. But upon this assumption one can best 
account for the fact that the stolon is composed of as many joints as 
there are feeding zooids, — a condition which appears to occur in only a 
few other genera, and these closely allied to Victorella. Thus, in Cylin- 
droecium pusillum and C. dilatatum of Hincks we have two species which 
may be considered to represent two possible intermediate stages between 
Victorella and Hypophorella, not only on account of the jointed stolon, 
but also on account of the enlarged distal end of the joint, which is emi- 
nently characteristic of the allies of Victorella. The first objection, that 
the polypide is not developed in the stolon, but first arises in the well 
formed zooeciura of the feeding zooid, might result from the increased 
importance of the zooecium over the Cylinderzelle. The formation of the 
plate between the zooecium and the stolon might be accounted for by 
the physiological need of such an organ resulting from the increased im- 
portance of the zooecium (cf. p. 40). Such plates exist, in fact, between 
the primary median individuals, and those secondary median ones in 
Victorella which are budded from the Cylinderzelle. This hypothesis 

far as they go, may not fit the conditions in all parts of the colony. Moreover, it 
is to a certain degree Idealized, i. e. subjective, for even in the figure of Eraepelin 
('87, Fig. 75) one of the indivldoals of the scries a, b, c, etc. has given rise to no 
stolon as its first bud. 
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is further supported by the fact that, as a stolon may arise from the 
Cj/linderzelle of Victorella, so in Hjpophorella such a condition is not 
uncommon, although hardly typical. In accordance with this hypothesis 
the formula for Hypophorella might be given thus : — 

* 

c • 
b a* 
(9) b • • 

a ai9 • 

A 

Ehlers (76, pp. 127, 128), in founding the group of Stolonifera, clas- 
sified the different methods of arrangement of the individuals in the 
colony as follows : — 

I. Many polypides {Ndhrthiere) on the single joints of the stolon 

(Stengelgliedem), 

1. On the entire length of the joints, 
(a.) Arranged in two rows. 

(b.) Arranged in a spiral. 
(c.> Arranged in one row. 

2. At the ends of the joints, 
(a.) In rows. 

(b.) Massed. 

II. Only one polypide Nahrtkier on a joint of the stolon. 

1. Polypide lateral, near it one or many stolonic joints (Hypophorella). 

2. Polypide terminal. 

In the present state of our knowledge, it is very difficult to say how 
the types of budding shown in those Stolonifera which possess more than 
one Nahrtkier on a joint of the stolon are related to, or are to be connected 
"with, the types of Paludicella, Victorella, Hypophorella, or other genera 
possessing only one Nahrtkier to a joint. This could doubtless be deter- 
mined, however, by studying the early stages in the development of the 
stocks. Taking them as they are, however, we find a very simple condi- 
tion in the stocks of Class I., in which the Nahrtkier e are arranged in a 
single row, as in Vedcularia spinosa (cf. Hincks, '80, Plate 73, Figs. 3-7). 
The tip of the stolon consists, as I have myself observed in allied spe- 
cies, of somewhat cubical cells of variable thickness, and it is from this 
tip that the Anlagen of the individuals arise. Lateral branches occasion- 
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ally replace a Ndhrihier^ and the latter seems never to produce secondary 
individuals. The formula of the stock might he written : — 

* 

b 
a 
(10) #F — E— I— D — C — B — I— A 

a 

In Bowerhankia pustulosa we have two rows of individuals produced 
side by side from near the end of the stolon. This condition would be 
represented by 

/..v #«D «C «B «A 

^ ^ #*D •C •B •A 

provided the individuals of this primary series possess the power of giv- 
ing rise occasionally to secondary buds, as seems certainly to be the case 
in some members of this genus which I have seen. The spiral arrange- 
ment of some colonies is striking ; it is of evident advantage to the stock, 
but its cause in these cases is wholly unknown. 

In every one of these cases, and, in fact, in all of those figured by 
Hincks, which belong to the Stolonifera, there is no trace of dichotomy. 
Throughout we have to do with linear series, which give rise to lateral 
branches. 

Turning now from the Stolonifera to the other grand division of 
Ctenostomata, the Alcyoniidcey we find the same prevalence of a law in 
budding. In its typical expression it may be written as follows : — 

« 



• 



b • 



»a» •oaa* 

« • • 

(12) * C (») B (*) A 

« 

• a« »oao* 



« 



(») 



• (»i » 



• b ♦ 

« 



Although secondary median individuals are not habituallj formed, 
yet, owing to the capacity of regeneration possessed by Individuals 
A, B, C, etc., an asterisk is affixed in parentheses to show the probable 
persistence of embryonic tissue. Of the lateral series one or both may 
fail to be developed. 
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It might be difficult to determine whether in this group we have to do 

th dichotomy, did not the tips of the margins at times reveal the fact 

at there is no division of the ancestral series, but that a new one is 

c^ded at the side of an ancestral one (Plate VIII. Fig. 69), where of 

e marginal individuals 4 is clearly median (ancestral) and 3 is lateral, 

3 median and 12 lateral, etc. (see page 49). 

The members of the group of Cyclostomata seem to be closely related, 

lid the method of budding is so similar throug}iout the group that it 

^eems fair to interpret the more compact Tubuliporidae from the Crisiadse. 

Xn Cruia^ as we have seen, individuals are placed in rows, from which at 

xntervals lateral rows are given off to the right or left. One may say 

t;hat typically these are given off from each individual to both the right 

und the left, although in some cases, as in Figure 65', lateral branches 

are typically given off alternately to the right and left, and are often 

aborted. Perhaps the most general formula of all for Cyclostomes should 

be that of two lateral branches from each individual, one or both of 

which may remain undeveloped. Such a formula I believe to be also 

the typical one for Bugula and its allies, and for the Flustrina and 

Eickarina. It would be written thus: — 

« 

• c * 



« 
• b * 



• (•) • 

• a b o • 



• • (*) • • 

♦ ♦(*)• •i9«aaa»i9» 

• a* * a B, a * ♦• «• 

(13) iSJ D (•) C (») B («) A 

• • • 

«a* •aaa* • • • • 

« • (*) • • i8 (») o a a (») i8 • 



• 



b ♦ 



(*) 



« • • 

* a b a • 



(•) 



• f*) • 



in which the parenthesized asterisks indicate the presence of regenera- 
tive tissue. This is identical with (12) and similar to (1). 

Braem ('90, pp. 130-133) has already called attention to the differ- 
ence between Phylactolsemata and Gymnolsemata in the onentation of the 
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polypide. In Phylactolaemata the oral aspect of the polypide is turned 

towards the mai'gin of the conn or the tip of the branching stock j is 
GymnolKmata, on the contrary, the anal aspect ia tnmed in that direc- 
tion. This difference is a very striking and constant one. It is corre- 
lated with another difference in the law of hndding of the stock, which 
will become evident upon comparing Formulas (4) and (5) on page 74, 
of Phylactuliemata, with Formulas (I) on page 73 and (7) to (13). In 
all of these the margin or tip of the stock ia at the left, the centre at the 
right. In the formnlfe of Phylactoltomata the bndding is cenirifagal, 
new individuals being produced from the embryonic masses towards the 
margin j in the formnlte of GymuoIa;mata budding is centripetal, new 
individuals being produced from the embryonic masses towards the 
centre. In both Phylactolmmata and Gymnolxmata the anal aspect ^H 
turned towards the gemmiferous region- ^H 

Braem calls attention to one other difference, namely, that, in the omH 
of the retracted polypide, in Paludicella the rectum lies nest the at- 
tached surface of the stock ; in Phylactolscmata, the cescphaguB. A 
mechanical cause of this is suggested when this statement ia put in other 
words ; the polypide in its retracted position is stored in both Phylac- 
toltemata and Gymnoliemata prosimad of the atrial opening ; i. e. away 
from the tip or margin, and towards the centre of the stock. May not 
this be explained, in part at least, as an adaptation to room 1 

I will here add four examples of regular Imdding taken from other 
groups of animals, to illustrate the general applicability of this method 
of representation. The first of these ia that of the Siphonophore Hali- 
stemma whose formula baa been worked out by Chun ('88, p. 1169), and 
expanded and illustrated by Korschelt und Heider in their recent test- 
book (p. 39). It runs aa follows : — _ 



(14) 



D 



C d 



According to my interpretation of the case, this formula 
written (15) : — 



aD ijtc. 



*C ^Sd . 



•b • 



• B ^ 



e «d oc vb * 



i *y »B * 



in which tiie ® behind B has been derived from the embryonic mass at 
A, that Ijehind C from B., etc. The fit's represent embryonic masses 
from which a, b, c, etc, are derived. 

If we assume that the terminal individual (A) has not been derived 
from the primary embryonic mass, at the extreme left, but has had ita 




J 



MUSEUM OF COMPAKATIVE ZOOLOGY. 83 

origin in the embryo, the formula would have to be written somewhat 
differently ; namely, thus (16) : — 

^ C4t c« b« a« B^ d« c« b« a« A^^e* d« c« b« a« a« y* fi* a* [A] 

In a species of Pennaria, common on our coast, which is probably 
Pennaria tiarella, McCready,^ I have noticed the presence of a similar 
law of budding. The whole stock lies in one plane, the lateral branches 
arising alternately from the right and left of a central stock, like the barbs 
of a feather. These lateral branches give rise to a series of secondary 
ones, which are all placed on the same (axial) side of the branch. Each 
branch, of whatever degree, originates as a bud bearing a polyp. From 
the elongating stalk of this terminal polyp, buds arise, — the beginnings 
of branches of the next higher order. The stock may be represented by 

the following formula : — 

A 

« 

I 

c» 

" I 

a 

C • I 
• « a« 

I I 



(17) « D 

I 

• • 

b.J 

I 
c» 

« 

B 

Expressed m a linear series, this formula may be written :— 

(18) 4^ D« C« B« c« b« a« A« d« c« b« a* a« i9* a* 

which is identical in form with the second formula (16) given for Hali- 
stemma. 

1 This species is figured by Leidy ('65, Plate 10, Figs. 1-5) and Vemll (73, Plate 
XXXVIL Fig. 277). An allied species, P. gibbosa, is figured by Lonis Agassiz 
in the " Contributioiis " (VoL HI.. Plate XV. Fig. 1). In describing P. Carolinii. 
Weismann (Entstehnng der Sexaalzellen, p. 122) says that the lateral hydranths 
do not possess the capacity of giring rise to new lateral hydranth-buds (of a higher 
order). But, as indicated above, P. tiarella seems to do this legolariy. Leidy 's 
and Verrill's figures show the same thing. 
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Lastly, this formula may be applied to certain cases of fission, i 
frea/i water Annelid*. As is well known, the tisaiparous process is pre- 
ceiiei] by the formation of the so-called budding zones (KnoBjiungazooe). 
These arise iu Ctenodrilm, aocarding to Kennel {'82, pp, i03, 404), lie- 
twoen two dissepiments in the raiddlo of a metamere, and new ones are 
continually formed behind the others as the animal gi'owa in length 
by uall proliferation at the tail end. The budding zones are, according 
to Kennel, regions composed of embryonic cells. I think it probable 
that this embryonic tissue has been derived from the embryonic tissue 
of the anal end of the animal. There are as many building zones pro- 
duced as there are new metameres added by tlie anal growth, and since 
the budding zones are intrasegmental, each zooid consists of four pirCs ; 
viz. (naming them from anterior to posterior end) of the posterior half 
of the preceding budding zone, of the posterior half of the metamere in 
which the buddiog zone arose, of the anterior part of the nest follow- 
ing metamere. and, finally, of the anterior part of the following budding 
zone. Zooids then are made up of parts of two adjacent metameres, 
and the middle of each zooid is intersegmental. The zoiiid has progressed 
little beyond the state of possessing two (half) metameres at the time it 
becomes free. New metameres must become formed by caudal growth. 
The anira.il is, then, according to my conception of the signiScaoce of the 
process, derived chiefly from these budding zones. Evidently, the law 
of production of new individuals (or new budding zones) ia a simple 
one, and may bo written, in accordance with my nomenclature, 



(19) 



*E( ).D( }*C( ) 



1 (•) • A 



in which A, B f t rep nt 
of two raetam ) and th ast k 
two adjacent te !i t eti e p 
the posterior h If (pa th d) p 
The conditions given by Semper ( i 
Nais) f 



lividuals (adjacent halves 
b f , embryonic tissue. The 
t tl budding zone, of which 

tself the least active. 

pp. 69, 77) for ChfEtognHer 



(and Nais) are much more complicated, but may be expressed by 
the use of a formula constructed upon the same plan. Chtetogaater 
differs from Cteuodrilus iu this ■ that young budding zones, and event- 
ually young mlminils are pr^liced between older ones, instead 
of alwaii at the anal end anl the new zooids often acquire several 
metameres before becommg frLO It eeoms to me probable that, as in 
Ctcnodrd IS, the budding zones are derived ultimately from the anal 
Kone but here m contradistinction to Ctenodriliis, new budding zones 
maj secondardy anse from other budding zones produced earlier, thus 
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giving rise to the phenomena of young individuals interpolated between 
>lciei: ones. Representing, then, individuals by the budding zones from 
^Hioh they have arisen, we may convert the following formula of Semper 
ixto one based on our own nomenclature : 

E DH BG CF A 

tjug.-S + 0-O 4 + 0-1 + 0-0 4 + 1-1 + 0-0 4 + 0-2 + 0-0 4+1 

^'ti which the succession of generations of zooids is 

...6, 4, 8, 2, 7, 8, 6. 1. 

Xn the above formula A, B, C, etc. represent zooids; the numerals 

V^elow the letters, the number of motameres of which each is composed ; 

f), an incomplete metamere about to be derived from a budding zone ; 

<iz.y the anal zone. Written in accordance with my conception of the 

facts, this formula would read : 

(20) ^S^ D (*) • C (») * a (») » B (») ♦ b (») ♦a (») ♦ a' (») « A, 

which somewhat resembles P^ormula (15) of Halistemma, and signifies 
that two embryonic masses are left behind by the anal zone, of which 
the one anterior to the zooids proper (represented by letters) goes merely 
to form the head parts, and is represented parenthesized. The second 
is caudad the zooid, and may form a secondary " anal zone " giving rise 
to new zooids. From one zooid two or more anal zones may take their 
origin. Thus, from the embryonic mass caudad of A there have arisen 
that caudad of b, which has given rise to b (*) * a (♦), and that caudad 
of a', which has given rise to a' (»).^ 

The most general formula given on page 81 undergoes many modi- 
fications in the difterent groups, but in the midst of these modifications 
certain laws are to be discerned, to some of which I have already called 
attention. I will now proceed to a discussion of the significance of 
these laws. 

The quincunx arrangement of individuals, which is so noticeable in 

1 From a study of surface views of many specimens of Autolytus collected 
at Newport during June, 1891, I am convinced that the sexual individuals are 
produced by proliferation of cells in the metamere XIII. or XIV. of ** parent 
form," — the last which remains behind after br^aking off of sexual form. Rep- 
resenting the proliferating metamere by (^), we may write the budding formula 
of Autolytus thus: 

(20*) ^ E(*) D(*) C(») B(*) A(*) 

in which the parenthesized asterisks indicate the proliferating, but not gemmif- 
erating anal meta meres of the sexual form. (Cf. A. Agassiz, '63, pp. 397-400.) 
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the pbjtoid stocks of Bugula, and in creeping cormB like Lepralia or 

Criatatellu, muy bs explaiocd aa aifording additional strength on the one 
hand, and as a device for saviug space on the other. 

The absence of true dichotomy, which I have sought to show charac- 
terizes the budding of firyozoa, ia interesting as seeniiog to indicate 
the fundamental aimilarity of the process of budding in Paludicella to 
that found elsewhere. The tip of the branch does not divide equally 
ia the first nor in the other instances, but constantly maintains its 
precedence, giving off parts of itself to form lateral branches. These 
parts may grow out at right angles to the primary branch, as in Palu- 
dicella, but generally they grow forward nearly parallel to it, as in 
most marine Gymnolromata. 

In Bugula {Plate VII. Fig. 6-1") branches are always given off 
tovmrd the axils, and therefore an ancestral branch gives off all lateral 
branches from one side and the successive orders of branches are given 
off alternately to the right and left, lu Crisia, on the contrary, branches 
are given off ahaxially, and they are given off not irom one side only, 
but alternately to the right and left. In both cases the two facta are 
mutually dependent The first case gives rise to a stock in which the 
branching tends as greatly as possible towards compactness and the for- 
mation of a closely built stock ; the second case gives rise to a diffuse 
and loosely built stock (cf. Figs. G4, G5, and 64", 65'). In the sec- 
ond case there is a maximum space to each individual ; in the first, 



r less apparent 



generation i 



I two closely related branches tend to 
one that, as has been shown, is more 
but is easily obscured by other rules. 
May not the tendency be due to the same causes that produce the 
synchronism of division in related cells of a cleaving egg 1 

That lateral buds should occur in Bugula fiahdlata on the outermost 
rows only is not surprising when we reflect that there is abnndaut room 
on the margin, whereas the inner individuals are hemmed in from lat- 
eral expansion by the pressure of adjacent rows. This is veiy marked in 
certain repent colonies, as, for instance, occasionally in Membranipora 
(Plate VIII. Fig. 70). Here the intermediate branches 6, 7, 8, and 9 
have produced no lateral buds for many generations, while almost every 
individual of the marginal rows has given rise to a lateral branch. It is 
merely a result of the same cause, it seems to me, that lateral budding 
occurs more frequently in Bugula turj^a at the margins of fans than 



elsewhere. Here there is r 



1 to spread. 



4 
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The rule (5) that ancestral rows contain fewer generations of indi- 

Wduals than lateral ones may perhaps receive a partial explanation from 

the further fact (rule 6) that of the two rows starting from any axil the 

^Qcestral branch will give rise to a greater total number of individuals 

than the lateral one will in the same time. We should expect a less 

'^pid forward growth if the lateral growth is extremely vigorous. One 

^^ight also say that the intermediate rows had grown abnormally iu 

length, since that is the direction in which there is most room. 

The reason why the ancestral branches in Bugula give rise to the 
^Sreater total number of individuals is, to my miud, because they are 
karginal. In Crisia it is the lateral branches which are the most 
)rolific, and for the same reason. 
The existence of the 7th rule in mat-like species is a mechanical 
'Necessity ; in the phytoid species, like Bugula and Crisia, it must be ac- 
^K)unted for on another ground ; namely, on the relations of food supply 
to demand, — on the deterrent effects of overcrowding. And this, to my 
mind, is the key to the significance of the 4th, 5th, 6th, and 7th rules. 
The form of the stock is determined by the same law which has deter- 
mined the form of the individuals, — the struggle for existence and the 
survival of the fittest, — the fittest in the present case being those which 
are most advantageously placed with reference to food supply. Abundant 
food supply has made possible the rapid production of lateral individuals 
at the margin, and less abundant food supply has retarded such produc- 
tion in the middle. Therefore has lateral budding occurred more rapidly 
at the margin ; therefore has the number of individuals produced at the 
margin been greatest ; therefore have the median rows grown in length 
only with great rapidity ; therefore has the distance between adjacent 
rows of individuals in phytoid stocks remained constant. 

Many observations on different groups of animals agree in demonstrat- 
ing a relation between rapidity of the budding or fission process and food 
supply. Thus Zoja ('90, pp. 25-27) has shown for Hydra, and Zacha- 
rias ('86, p. 274) and von Wagner ('90, p. 360) for Turbellarians, that 
abundant food supply results in an acceleration of the processes of 
non-sexual reproduction, and Braem (*90, p. 24) has shown that bud- 
ding in Cristatella proceeds less actively during the late fall. This 
diminution in activity has been attributed by Braem to diminished 
temperature ; but we know also that this period is one of scarcity of the 
small fresh water organisms upon which the fresh water Bryozoa live 
(cf. Parker, '90, pp. 597-600), and this fact also must be considered as 
having an important influence in this case. 
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II. Belation of the Observations on Budding in Bryozoa 

to the Germ Layer Theory. 
No question in liryozoan morphology hua been more thoroiiglily diS' 
ciiBsed thau tiiat of the part jjUyed by the germ layers in the prodtictioa 
of the polj-pide, aud npou none has tbere been less agreenieut. Kitscbe 
firitt boldly opened the question, and concluded that we have in this pro- 
cess a fiitiil objection to the idea of the homology of tbe germ layers, in 
so far as their homology depeuds upon a sinailarity of fate througliout the 
Metazoa. A single layer, the iDvaginated ectoderm , gives rise to the outer 
covering of the tentacles, to the pharynx, and to the brain, — structures 
elsewhere considered as ectodermal, — and also to the lining of the ali- 
mentary tract, elsewhere universally accounted eutodermal. In view of 
these facta, "sind die Keirabliitter," concludes Kitsche ('75, p, 398), " kei- 
ueswogs mit eiuer bes<}ndereu histologischon Pradisposition ausgcstattete 
Zellschichten, sondeni lediglich die Haclienhaft ausgchreiteten Elemeute, 
atis den en die den Metnzoeultorper zusammensetzenden, incinauder 
peseliaclitelten Eobreii sicli bilden." Prouho, although recognizing the 
facts to be as stateil by Nitsche, has not discussed the theoretical beariug 
of the question. Seeliger {'89", p. 204) finds in the budding pi-oceas of 
Endoprocta a shortening and confusion of the embryonic process. " Wie 
die getiammte Knospencntwicklung verkiirzt ist, erscheineu auch die 
beiden Processe der Einstiilpung durch welcho ira Embryo zuerst Ento- 
dermkanal, d^nn Atrium sich bilden, in einen zusammengezogep." la 
another place (Seeliger, '90, p. 595) the budding process is considered ns 
an "immersich orneiieronde Gnstrulutionsvorgang." Braem ('90, p. 116) 
re^rds the inner layer of the bud as entoderm, and the process of its 
formation as one of gastrulation. In a preliminary notice published last 
February (Davenport, '91, p. 279) I suggested that tbe embryonic tissue 
from which the inner layer of the polypide arises is to be regarded as 
" neither ectoderm nor entoderm, but as still indifferent, and capable of 
giving rise to either." A few weeks ago I saw for the first time the paper 
of Oka ('90), in which be offers (p. 145) a priori a similar siiggestion 
concerning the siguiHcance of the embryonic tissue from which the inner 
layer of the [lolypides arises. I am pleased to find that our ideas, thna 
independently arrived at, are ao fully in agreement. My idea of tho re- 
lation of tbe germ layers to the layers of the polypide bud chiefly grew 
out of my studies on tbe embryology of Phylactolsemata as described in 
earlier pages. 

As there are two layers to the bud, the question of tbe part taken I 
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the germ layers in the polypide bud may be subdivided into two: What 
is the significance of the outer layer of the bud ? and. What is the sig- 
nificance of the inner ) 

The outer layer of the hud is derived from the coclomic epithelium. 

The views of those who have studied the formation of this inner layer 

of the cystid in Phylactolaemata may be classed in two categories : 

(1) those in which it is regarded as entoderm, and the process of its 

formation as gastrulation ; and (2) those in which it is regarded as 

mesoderm. To the former class belong the views of Reinhard ('80, 

X). 208), Korotneff ('89, p. 403), and Jullien C90, p. 19) ; to the latter, 

-t^hose of Eraepelin (*86, p. 601) and Braem ('90, p. 116), and in this 

<5la88 the views of Barrois ('86, p. 68) and Haddon ('83, p. 543), founded 

^n a priori considerations, must be placed. 

It seems to me that, since, as Barrois has demonstrated, there is a great 
similarity between the Phylactolaematous and Gymnolaematous larvee, 
and especially since the former show evident signs of degeneration, we 
are bound to study the phenomena they exhibit in the light of our 
knowledge of the ontogeny of Gymnolaemata. 

But first it is necessary to give reasons for believing that the larva of 
Phylactolsemata is to be regarded as homologous with that of Gymnolae- 
mata ; and to do this I will first name the points of similarity in the two 
larvfiB, and then try to show that the differences which exist are not suf- 
ficient to invalidate the attempt to establish a homology. And, first of 
all, it may be said that, since the adult Phylactolaemata and Gymnoloe- 
niata are strikingly similar to each other, and since no one doubts their 
close relationship, we should expect a priori that their larveD would be 
homologous, especially since the larvae of Gymnolsemata are admitted to 
belong to the trochosphere type, of whose ancient origin there can be 
little doubt. In the second place, the very existence of a larval stage 
in Phylactolsemata is indicative of its inheritance from an earlier condi- 
tion, for two reasons : (a) because in general fresh-water life tends to 
eliminate larval stages from species which have inherited them from ma- 
rine ancestors, and tends little to form them de novo (Hydra, fresh-water 
Turbellarians, Rotifera, Oligochseta, Hirudinea, Astacus, and fresh-water 
MoUusca); and (6) because, specifically, the early stages of development 
of Phylactolaemata are passed within a uterus-like sac, from which the 
embryo is released only when a colony is already well established. In 
the third place, the Phylactolseraatous larva possesses, in common with 
all Gymnolsematous larvae, the following characteristics. The primary 
polypides arise in both at a pole, and this pole is in both a prominent disk. 
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aun-ounded by a circular fold, — the Bo-called mantle fold, — from which 
it is separated by a circular gi'oove, — the so-called muntle cavity. Tbia 
organ has a similar origin and fate in the two groups, as shown by Barrois. 

The following points of difference, however, must be recognized. 
First, the absence of a definite ciliated ring, couronne (Barrois), of an 
interoal sao, and of a pyriform organ. But, as Barrois ('86, p. 67) has 
shown, these are absent, or at least (Ostroumoff, '87, pp. 182, 183) little 
developed, in Cyclostomatoua Bryozon. The ciliated ring and pyrifonn 
organ are doubtless organs connected with a free locomotive larval life, 
which ia greatly abbreviated in Phylactolffimata. A second difference 
exists in the fiict that, while most Gymnolteraatous larvie possess either, 
rarely, (I) a functional alimentary tract, or (2) a mass of loose tissue 
lying inside of the ectoderm, the Pliylactoljemata possess (3) a central 
apace lined by an epithelium placed next to the ectoderm. However 
great the difference between the fii'st and third conditions mentioned 
above, it ia to a large eKteut bridged over by the widespread existence of 
the second. In some Cyclostomes, moreover, a similar condition to that 
in Phylactoliemata aeoma to exist. Compare Metschnikoff ('82, p. 310, 
Taf, XX. Fig. 62). Lastly, the origin of two primary polypidea, iusteail 
of one, at the aboral pole, upon which Barrois has laid some stress, can- 
not be considered a very strong objectioti to the homology, because in 
reality the two polypidea do not arise at tlie same time even in Plunia- 
tella, and in Cristatella this difference ia still more pronounced. In fact, 
it is not the formation of two polypideg which requires explanation, but 
that of a young slock before hatching. 

There remains, therefore, to my mind, no serious objection to regard- 
ing the larvEe of Phylactolieinata and Gymnolsemata as having been 
derived from some common ancestral larva, possessing, of course, more 
points of resemblance to the Gymnolamatous than to the Phylactoltema- 
tous type ; and therefore it is perfectly justifiable to interpret the latter 
by aid of the former. 

Admitting the larvce to be homologous, we should expect the proceaa 
of ffoitrulation to be comparable throughout Ectoprocta. As a matter 
of fact, Tve do find a great similarity in the earliest stages. Thus, the 
first indication of the inner layer is the ingression of four cells at one 
pole, which by multiplication give rise to a layer of cells lying inside of 
the ectoderm.' It is to the comparative atudy of the fate of thia Inner 

' This has been shown for Kembranipora (Tendra) by Repiachoff ('78, pp. 
41ft-4a0) ; for Alcjonidium polyoum by H.irmer ('97, pp. 4i5, 446) ; for Bngula 
by VigeliuB ('8Q, p. SIO) ; and for Cristatella in the pieeent paper (page 68). 
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layer in the different Ectoproct larvsB that we must look for an explana- 
tion of the layer in the specific case of the Phylactolsemata. 

For the purposes of this study^ it is desirable to begin with species in 
which there has been a minimum amount of degeneration. Such are 
Membranipora (Cyphonautes), Alcyonidium, and Flustrella, to which 
we must now turn our attention. 

The studies of Eepiachoff on Membranipora lead up to a stage in which 
the entoderm lies as a solid mass inside the ectoderm, and is separated 
from it at all points. Neither the origin of the mesoderm nor the forma- 
tion of stomodseum or proctodaeum was observed at this time. As for 
the fully formed Cyphonautes, it is certain, as I can confirm from personal 
observation, that there is a well developed functional alimentary tract, 
and that it is provided with a well developed muscular system, including 
cross-striped muscle fibres. There is, therefore, every reason for believing 
that typical entoderm and mesoderm have been formed in it. 

In Alcyonidium (polyoum), Harmer ('87, p. 445) has shown that after 
gastrulation a great mass of cells occupies the former blastocoel. This, 
in the author's opinion, represents entoderm and mesoderm. The young 
larva possesses a mouth, an oesophagus, and a large stomach, but never 
an anus. No evidence is presented that the oral pole corresponds with 
the pole of ingression. 

Flustrella, which is nearly related to the last species, possesses in 
its young larval stages a pocket, which Prouho ('90, pp. 424-426) has 
shown to represent the anterior part of the alimentary tract, directly 
comparable with that of Alcyonidium polyoum, but less developed. Mus 
cle fibres and an epithelial lining of the entoderm and ectoderm exist to 
indicate the presence of mesodermal tissue. 

These three genera, Membranipora, Alcyonidium, and Flustrella, are 
the only Ectoprocta in whose larvae the presence of an alimentary tract 
has as yet been demonstrated. 

In Bugula, a very careful study of which was made by Vigelius ('86 
and '88), one finds after gastrulation and cell multiplication a mass of 
cells filling the whole interior of the larval body, at first appearing as 
an epithelium surrounding a central space, but later without arrangement 
and often showing signs of degenerescence. No definite separate meso- 
derm could be found, and at no time was any trace of an alimentaty tract 
to be seen. Vigelius calls the mass derived from the four entodermal 
cells FiiUgewehej and he believes it to correspond morphologically to 
both "hypoblast and mesoblast." It is to be noted, however, as a 
point of considerable importance, that in his figures of the metamorphos- 
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iug larva Vigelius ('88, Taf. XIX. Fig. 6) represents tbia tisBiie as hav^ 
iug almoat entirely disappeared ; that which remaioB giving rise to the 
mesodermal lining — tbe outer layer of the bud — of the developing 
poljpide. 

There cnn be no doubt that the so-called oral pole of the Bugula larva 
corresponds to the moutli-bearing pole of Alcyonidiiim, but does it cor- 
respond to the pole of ingression of entoderm 1 This question hae not 
been answered by Vigeliiia. The existence of homopokr stages like that 
represeuted in his ('86) Figure 25, Taf. XXVI., makes it very difficult 
to establish this doubtful point. 

The formation of the inner layer of Cycloatomea has been studied by 
Bnmiis ('82, p. 141). He says: "Cea lea premiers stades les splieres 
vitellines gliasent les unea aur lea autres de mauiere J* former nne eaptce 
de gastrula par dpiUoUe et I'on ne tarde pas il reucontrer des stades d'un 
volume extrSmeineut exigu et dcjil, composea d'une couche exodermiqiie 
et d'une maaae endodermique libre dans son int^rieur. La masse endo- 
deroiique s'atrophie rapidenient et Ton arrive it une petite blastnla qui 
auccide non paa & un stade compoacj de cellules radiairea dans lequel 
EC forme uue cnvitti centrale, mais qui est issu, an contraire, d'nne vraie 
gastrnla n^e par epibolic dans les premiers stades de la segmentation 
et dans laquelle la maaae endodermique est d^j4 disparue." I have 
quoted Barroia thus at length, since his description will show forcibly at 
least one thing, that the fate of the cella which by ingresaion had entered 
the blastoccel is qnite different from that of those in Bugula, where a 
great FiUtgetiiebe is formed. Ostroumoff ('87, p. 16.'i), however, Kaa 
shown that the inner layer of the Cyuloatome larva does not disappear, 
but comes to line the ectoderm as a very thin layer. In the adnlt larva, 
however, we find the contents of the ectodermal sac " filled with me- 
aenchymatous cella, which are commingled with yolk granules and glob- 
ulca of albumen." It is these cells that produce the very considerable 
meaodermal layer of the first polypide, which arises in the metamorphosis 
of tbe larva. Here, as elsewhere, an apparently homopolar stage inter- 
venes Iwtweeu gastrulation and the formation of larval organs, making 
orientation dilScnlt. 

Thus, passing from Cyphonantea, through Alcyonidium and Fluatrella, 
Bugula, and finally Cj-cloatomea, we have a aeriea in all of which the 
inner germ layer ia derived fi'om one pole by ingresaion or by ' epiboly," 
and in which there is a gradual reduction of the functional entoderm until 
it aeema, in Cycloatomea, to he lost, and a gradual transformation of the 
mesoderm from a cell mass nearly filling the larva, and producing muscl^ 
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and a liuiDg to the body wall and alimentary tract, to a single thin cell 
lajer lying next to the ectodemi, or to meseuchymutous cells extending 
through the coeloni. 

This same series may be said, also, to be one in which there is a 
gradual decline in the complexity of larval organs. These find their 
maximum development in the bivalve Cyphouautes and Flustrella, and 
the complicated and beautiful Alcyonidium larva. They find their mini- 
omra development in the Cyolostomes, whose larvo), instead of a girdle of 
fagella, possess merely an undififerentiated clothing of cilia, are reduced 
to a cylindrioal or ellipsoidal form, lack the pyriform organ of other spe- 
cies, and in some cases possess only the rudiment of the internal sac. 

If we were to imagine still another term at the degraded end of the 
series, it would be a form in which the four inner-layer cells that arise 
by ingression at one pole of the larva should give rise to little or abso- 
lutely no entoderm, in which the mesoderm should come to form an 
inner lining to the ectoderm, and in which the internal sac should be 
entirely absent. It is just these conditions which are fulfilled by the 
Phylactolsematous larva. 

Of all these changes, the loss of the entoderm is the most striking. 
What can be said in explanation of it 1 I would suggest this hypoth- 
esis: that the entoderm of the Bryozoan larva has become rudimentary 
through loss of the alimentary function. 

In direct support of this hypothesis I have little experimental evidence 
to oflfer. One observation, however, which I made last summer, seems 
to favor this conclusion strongly. This is that larval life is of consider- 
able duration in Cyphonautes, which possesses a functional alimentary 
tract, but is very brief in Bugula, in which no alimentary tract arises. 
As is well known, Cyphonautes occurs in enormous numbers in the 
** tow " at certain seasons of the year, and this is alone evidence of a con- 
siderable length of life. I have taken Cyphonautes thus obtained from 
the tow and have kept them for three or four days, at the end of which 
time they died, or had settled to the bottom of the glass vessel to un- 
dergo their metamorphosis. In fact, from several hundred Cyphonautes 
which I collected, not more than half a dozen completed their full meta- 
morphosis, the others apparently succumbing to unfavorable conditions.^ 

1 Ju8t as the raanupcript of this paper is going to the printer, after long delay 
caused by an accident necessitating the re-engraving of the plates, I find that Dr. 
Prouho read last summer ('90), before the Association Fran^aise pour TAvancement 
de la Science, a preliminary communication on the development of Cyphonautes. 
This is published in the printed report of the proceedings of that association. The 
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The Bugvla larvae, od the coatrary, I have never found in the tow, bat 
they swarm out from stocks gathered in the morning aud placed in a 
glass vessel ; aud I can contirm Nitsche's ('69, p. 9) observatiou that they 
settle and begin their metamorphosis within "a few hours" after hatch- 
ing. One rarely or never finds these larvte succumbing to the unfavor- 
able conditions of the aquarium before metamorphosing. From these 
observations I conclude that the Bugula larva has a very much shorter 
life than Cypbonantea. Now, since the larva, owing to its shortened life, 
has no need of functional entoderm, and since entoderm can be of use to 
the larva only, no part of it going over into the tissues of the primary 
polypide of the stock (eicept as food material), functional entoderm is 
not developed. In other genera, its rudiments have become less and 
less importftut in the ontogeny, aud, finally, in Phylactoleemata are 
wholly lost. 

That the entoderm should reach its last stage of degeneration in 
Pkyladoltemata is easily understood when wo consider that the lurval 
period is passed in a closed otecium, from the wall or neck of which it 
receives nourishment aa a parau'le dot». Moreover, hy the delay in the 
period of hatching, as well as by precocious development of poljpides, one 
at least of the latter is usually functional in the Just hatched stock, for 
there is sometiraea found at least one polypide in the uewly hatched 
larva, which is partly extruded, and therefore capable of feeding, and 
thus of supplying the whole stock with nutriment. Of what advantage 
to a species could be the development of a fimctional larval entoderm, 
which should go to form no part of its adult tissue, provided the larva 
was contained in a uterus during its early stages, and was provided with 
the adult digestive organs in a functional condition before leaving the 
aterus 1 

Those who maintain that the inner layer is to be regarded as entoderm, 
aud are still unwilling to place the Bryozoa among the Ccelenterata, must 
account for the absence of mesoderm. Korotneff {'89, p. 400) finds de- 
generating cells in the blastnccel before this is wholly obliterated by the 
extension of the inner layer, These he seems to regard as degenerate 
mesoderm. According to his view, then, the entoderm gives rise to 
the muBcularis, — for this arises from the inner larval layer, according 

anthor dnea not there state wtiettier utoTnodienm nnd proctodieiim are formed on 
[lie blastoparic «ide of the Inrrn. He nccounts for the ex!stt>nce of an ntiineTitnrj 
tract in Cjphonautes hy the fact ttiat it undereoea ita development diseonnectGd 
with the parent, while almoat all other Bryozoa pnaa their early atagea in the 
parent or aome protectinji zoSid (ocEciam, ovisac, oricell). 
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"to Braem's ('90, Taf. VI I. Fig. 89 mh,) observations, which I can abiiu- 

^SLiitly confirm, — and to the coolomic epithelium of the adult stock. In 

"tile few series of sections of the proper stage which I possess, I have not 

^^oiand with certainty the degenerating cells of which KorotnefF speaks ; 

l>ut even if they regularly occur, I should bo inclined to regard them as 

tlae degenerated entoderm, the mesoderm persisting to give rise to the 

HQuscular tissue and the coelomic epithelium. 

From a consideration of these facts, — that the larvse are homol- 
ogous and the process of gastrulation is comparable throughout tlie 
Ectoprocta, that in the least modified larvse both functional entoderm 
and mesoderm are produced by that gastrulation, that one of these 
two germ layers has become rudimentary in Phylactoltemata, that 
it is highly probable that the entoderm has disappeared from loss of 
function, and that the layer which persists gives rise to the muscula- 
ture, sexual cells, and coelomic epithelium, — I conclude that the inner 
layer of the Phylactolcematous larva, and therefore the outer layer of the 
hud^ is mesoderm. 

If we accept the point of view of Kleinenberg C86, pp. 1-19) and ad- 
mit the existence in general of only two layers, ectoderm and entoderm, 
a. clearer conception of the modification undergone by the Phylactolsema- 
"tous larva may be gained. We may divide the entoderm arising in 
X^ryozoa into two parts; viz. (1) that which gives rise to the lining 
of the midgut, as in Cyphonautes, and (2) all the rest of the inner 
layer. Now, since no midgut is formed in the Phylactolseraatous larva, 
X>art (1) of the entoderm has ceased to be differentiated ; all which 
I'emains, then, is part (2) ; but this is equivalent to " mesoderm " in 
"the sense in which I have employed it, and therefore I am justified 
in saying that " mesoderm " only is produced. 

The question has now to be answered, What is the significance of the 
inner layer of the hud? Two different answers have been given to this ques- 
tion. It has been maintained, on the one hand, that it is to be regarded 
as ectoderm ; on the other, as entoderm. There are serious difficulties 
in the way of accepting the first view, — so serious, in fact, that few 
authors have maintained it, although at first glance it seems to be re- 
quired by the facts. Although we have not yet sufficient grounds for 
declaring that organs formed by budding must be built up from the 
same germ layers as corresponding larval ones, — although we may ad- 
mit that gemmigenesis recapitulates phylogeny and corresponds with 
ontogeny only in an imperfect and confused way, — still, from the expe- 
rience gained by tracing the development of hundreds of animals from 
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the most widely separated groups of tiie animal kingdi^Q, thg idea that 
a functional aliraentfiry tmct is ever wiiolly derived from differentiated 
ectoderm will uot be aocepted by most embryoJogistB without conclusive 
eviileuce, 

TJie second vien ia thnt the formation of tlie inner layer of the hud 
is a process of gastrulation, giving rise to entoderm, and that the so- 
called " gastriilution " of the sexual outogeuy of Phylactolieraata is to be 
regarded aa a precocious ingressiou of mesoderm only. 

Two considerations are opposed to this view. In Memhranipora there 
ia a gastrulation which gives rise to the entoderm and mesoderm of the 
larva; and since the gastrulation of Phylactolnimata is similar, these 
elements mnst be potentially present here also. Tlie " gastrulatinn " 
in Bryoziia ia a normal one ; if there is any entoderm in the body wall 
g t th inner layer of the hud, it must have been ento- 

d I 1 f 1 d to become invagiiiated. lint what, in the seconi] 

pi t b ^ ed by assuming that the inner Iiiyer of the bud is 

f mdf ra t d -ml Here is as great a difficulty as before, since the 
y to ginatsB from this layer. It Las been maintained in 

m y case tb t the uervoua system arises from mesoderm, and Seeliger 
('89, p. 602) believes that it ia formed from that layer in the non-sciual 
reproduction of some Tnnicatea ; but I know of no good evidence of its 
origin in any of the Triploblastica from entodoin. 

Before going on to state my conception of the significance of the 
inner polypide layer, I desire to call attention to the conditions in the 
region at which it is first formed. I have shown above (page 69) that 
the primary polypide or polypides arise from the pole of ingression in 
Phylactoliemata, and that therefore in this group the aboral pole (in the 
sense of Barroia) corresponds to the pole of ingression. As I under- 
stand Earroia, he means liy oral pole merely the pole which in Cypho- 
nautes, for instance, l)ears the mouth, ^ the pole also by which the 
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best figured series in which to trace the homology of poles is that shown 
by Repiaohoflf (*80, Taf III.) for Bowerbankia. So far as the figures 
go, one would conclude that Figure 10 A and its predecessors wei*e 
oriented in the opposite direction to Figure 11 and its successors, 
which would result in placing the pole of ingression (Fig. 9) at the 
aboral pole of the larva, — the pole which here, as in all other Gymno- 
laBmata, and, I believe, in Phylactolaeraata also, gives rise to the primary 
polypide. I have given above additional evidence for this oonclusiou, 
in my argument to prove the homology of the larvae and larval organs in 
Phylactolaemata and Gymnolaemata. 

The polypides arise in Phylactoloemata at the pole of ingression, which 

M probably homologotLS with the aboral pole of Gymnoloemata. The pole 

of ingression, or the region of the lips of the blastopore, must be regarded 

w being a region of less pronounced differentiation than the rest of the 

g^trula. Its cells cannot be said to be either ectodermal or ento- 

^ei*rual. It is an interesting fact, that it is just these indififerent cells 

•^ not yet either ectoderm or entoderm •^— that give rise to the inner 

^^yer of the polypide, from which organs usually considered ectodermal 

*8 \iQ\[ as those considered entodermal arise. 

^y conclusion, then, the objections to which I fully realize, may be 
stsiited in the following words : The inner layer of the polypide hud is 
^"^^posed of cells derived from the rim of the blastopore. Such cells are to be 
''^^S^arded as still indifferent, and as first becoming differentiated into ectO' 
^^7^m and entoderm in the formation of the young polypide, 

Just when and where, on this hypothesis, the dififerentiation into 
^C"toderm and entoderm occurs, is an important question ; but unfor- 
tu.nately I cannot answer it decisively. It may be pointed out, however, 
thsit it has now been shown for most Ectoprocta that the lining of the 
i^iddle part of the alimentary tract is formed independently of the 
Esophagus, and by an actual or potential outpocketing of the primitive 
^^i3Qple sac of the bud. In Endoprocta there is a similar outpocketing, 
■^Hich, however, arises in connection with the oesophagus, and is formed 
ixidependently of the rectum. 

This is perhaps the proper place to call attention to the fact that the 
Mesodermal outer layer of the bud has a very embryonic character at 
^he budding region. This is indicated by the fact, that in Phylactolaemata 
0^ which group alone I have studied the subject) eggs always arise 
"^Hfi that part of the coelomic epithelium which lies in the budding 
'egion (cf. Plate XI. Fig. 93). In Pyrosoma, also, according to the 
researches of Seeliger ('89, pp. 598-602) the mesoderm of the budding 
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region, the stolon, gives rise to eggs. The same condition seems to exist 
in other Tunicates. 

in. On some Characteristics of Gemmiparous Tissue. 

In the preceding part of this paper the words ** embryonic tissue," 
" undifferentiated tissue," have often recurred, and they are terms in 
wide usage in modem zoology. I do not know of any attempt to define 
further the real character of this tissue, nor to give its more detailed 
characteristics, other than that usually employed in the term plasma- 
reichf or " rich in plasma." The persistence of yolk granules is, as 
Nussbaum ('80, pp. 2-14) and Goette ('75, pp. 31, 32, 831) have shown 
in the case of amphibian embryos, indicative of the embryonic condition 
of cells, when these have been derived from an egg filled with yolk. 

It is very far from ray purpose to go into a detailed discussion of the 
significance of embryonic tissue, for which I am not yet fitted; neverthe- 
less, I wish to call attention to the minuter characters of gemmiparous 
tissue as I have found it in Phvlactolaemata and Paludicella. I have 
described it in some detail in preceding pages. 

First, then, gemmiparous tissue seems to stain more deeply than non- 
gemmiparous tissue in the same section. This character has been Re- 
peatedly observed before by others, and Braem calls attention to it 
several times. I have already described how I found, by the use of 
high powers, that much of this depth of stain was due to the unusually 
large number of deeply staining granules scattered through the cell, but 
chiefly gathered about the nucleus (Figs. 6, 17, 18, etc.). So marked 
is the greater depth of the stain around the nuclei, that, with a power so 
low that the nuclei are hardly distinguishable, their position is indicated 
bly a deeply staining band. 

Secondly, gemmiparous tissue, as I have found it in the cases referred 
to, is distinguished by the possession of large cells, nuclei, and nucleoli. 
I had already noticed this fact in my studies on budding in Cristatella, 
and I find that Braem has figured the nuclei in the budding region as 
larger than the average (cf. Braem, '90, Taf. VII. Figs. 86, 88-90). 
My own figures show this repeatedly (Plate I. Figs. 3, 4, 5, 6, Plate II. 
Figs. 15, 17, Plate XI. Fig. 99, etc.). I have also noticed this to a 
certain extent in the marine Bryozoa, but, since the cells of the latter 
are smaller, and as I did not succeed in obtaining from them sections so 
satisfactorily stained, the results are not so reliable. In attempting to 
obtain an explanation of this phenomenon one involuntarily recalls to 
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mind the condition in young egg cells, where the nucleus attains a rel- 
atively enormous size. This great size of the nucleus in young egg cells 
is explained by Korschelt ('89, p. 92) as due to its participation in the 
trophic activity of the cell : " Seiu grosster Umfang fallt in die Zeit des 
■ energischen Wachsthums der Eizelle." So in the gemmiparous regions 
the large size of the nuclei must be considered as connected with the 
growth of the cells. 

But if the growth of the cells is accompanied by a rapid ingestion of 
food material (which the larger nucleus implies), some evidence of that 
fact should be observed in the cells themselves in the presence of food 
granules. Such food material in rapidly growing ovarian egg cells lies 
near the nucleus. Stuhlmann ('87, pp. 13, 14) describes such a condi- 
tion in the ovary of Zoarces. ** Neben dem Keimblaschen, jedoch ein 
klein wenig von seiner Membran entfemt, bilden sich an verschiedenen 
Stellen jetzt eigentiimliche Verdichtungen des Protoplasmas, die sich 
ein wenig starker mit Safifranin farben als das Zellplasma." Such a 
thickening of the protoplasma is represented in the figures as minute 
granules. Korschelt ('89, pp. 123-125) mentions several other such 
instances. 

It has seemed to me possible to interpret the stainable granules lying 
near to the nucleus in gemmiparous tissue as such food material,^ par- 
ticularly since we know that food material does exist in the coelomic 
epithelium lying next to the cells which are about to divide rapidly and 
to give rise to the inner layer of the polypide. That food is being taken 
in by the inner layer cells from the coelomic epithelium is indicated by 
the fact that the nuclei of the former cells lie near the latter epithelium 
(cf. Figs. 15, 17, 18, 28, 56, etc.) ; for, as Korschelt has shown, the nu- 
cleus tends to move towards the centre of activity of the cell. That these 

1 Granules similar to these appear to exist in the protoplasm of all cells. It 
is their extraordinary abundance in the gemmiparous tissue upon which I lay 
stress. They have been variously interpreted by different authors. Biitschli ('88, 
pp. 1469-1472) describes various kinds of stainable granules in Ciliata which are 
food products, and the general character of which accords with that of the gran- 
ules referred to above. ** Excretion granules " of Ciliata do not stain, according 
"to this author, which is an indication that the bodies in gemmiparous tissue are not 
Buch. I am particularly struck by the fact that the food products of Protozoa are 
chiefly found in parasitic forms, — Gregarinidae and parasitic Ciliata. These take 
Wp food in solution from their hosts exactly as the cells of the body wall of Bryo- 
%oa do from the body cavity. Altmann ('90) has recently interpreted similar 
deeply staining granules in other cells, as *' die Elementarorganismen." I can 
Qee no reason, on Altmann's theory, for the peculiar distribution of the granules 
that I have found. 
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granules observed in the cells are food material is indicated by their 
abundance in cells lying next to the reticulated cells of the coelomic 
epithelium (Figs. 6, 28, 56). 

My conclusion, then, is this : Genimiparous tissue is a rapidly as- 
similating tissue, possessing large nuclei because activelg assimHatwig, and 
staining deeply because full offocd material} 

While for Nussbaum, as already quoted (page 71), " indifferent cells" 
are essential to the reproduction of individuals by non-sexual as well as 
by sexual methods, Seeliger (*90, p. 596) has concluded that " die Vor- 
gauge bei der Knospung der Bryozoen uns zeigen, wie histologisch sehr 
bestimmt differenzirte Gewebe einen ganz embryonalen Charakter wie- 
dergewiunen kouuen. Mehr noch als bei der nornialen Knospung am 
freien Stockende ist dieses Vermogen bei der Regeneration der Polypide 
der Ektoprokten oder der Kopfchen der Pedicellinen ausgebildet. In 
diescn Fallen sehen wir ein plasmaarmes, iiusserest feines Plattenepithel, 
das iiber sich eine machtige Cuticula ausgeschieden hat, sich in kubische 
und cylindrische plasmareiche Zellen zurilckverwandeln und durch eine 
Einstiilpung ein neues Polypid bilden^ in welchem schliesslich die man- 
nigfachsten Gewebsformen vertreten sind." 

It seems to me that many facts in the budding of Bryozoa are strongly 
in favor of Nussbaum's hypothesis. On this assumption, we can best 
understand why in Cristatella there is not an invagination of the ecto- 
derm, and why instead a stolon is formed in the embryo, which passes 
along at the base of the ectoderm and at intervals gives rise to the 
inner layer of the body wall. I believe it is because the outer layer 
of the body becomes so rapidly differentiated by the secretion of the 

^ Other observers describe gemmiparous tissue as being either rich in food or 
deeply staining. Seeliger ('85, p. 588) speaks thus of the mesodermal gemmiparous 
tissue in Salpa : *' Die einzelnen Zellen sind grossblasig, enthalten einen runden 
Kern und fuhren Del- und Fettsubstanzen die als Reservematerial beim Aufbau 
des embryonalen Leibes weiterhin in Verwendung gelangen." Von Wagner ('90, 
p. 877) says of the indifferent cells which are being transformed into tlie new 
pharynx of dividing Microstoma ; •* Dieselben nehmen an Grosse zu, . . . indem 
gleichzeitig ihre Protoplasmaleiber feinkornig granulirt und fiir Farbstoffe imbibi- 
tionsfahiger werden." 

In some sections of gemmules of Esperella fibrexilis, H. V. Wilson, of which 
Br. Wilson has very kindly sent me several slides, I find the outer layer of young 
gemmnles, in which the inner layer has been newly formed, stained very deeply. 
Observed with a Zeiss Apochr. 4.0 mm., Ocs. 8 and 12, the cell contents are seen to 
be evidently of two kinds, — light and deeply stained. The latter appearance it 
due, in part at least, to small dark granules, which can be discerned withoat much 
difficulty. 
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gelatinous balls in its cells as to be incapacitated for the work of build- 
iug organs. In Plumatella the outer layer of the body wall, which is 
derived, as Braem has shown, from the neck of the older polypidc, re- 
tains for a long time its embryonic condition, so that its deeper cells can 
^nd do go to form the inner layer of the polypide bud. 

On Nussbaum's hypothesis we can best understand wliy in Paludicella 
the Aiilagen of the lateral branches exist from the beginning as cuboidal 
cells, quite different from those of the rest of the body wall ; we can 
understand why the cell layers of the margins of the stock, the tips of 
branches, and the ends of stolons from which buds arise, are thicker 
and more rapidly dividing than the rest of the body wall (cf. Figs. 14, 
71, 73, 75) ; and we can also understand why the regenerating buds 
always arise from the region of the neck of the degenerated polypide, 
— the same region from which that degenerate polypide had arisen by 
budding. 

There is no doubt, however, that at times buds do arise from tissue 

whiclif as Seeliger says, has lost its cuboidal nature only to regain it. 

From such tissue apparently the polypide of Figure 79 has arisen; 

from such tissue certainly, as Seeliger says, do regenerating polypides 

ctrlse. But is the process by which cuboidal cells become a pavement 

epithelium one of so fundamental differentiation that, in accordance 

^ith Nussbaum's doctrine, we should not expect, under favorable condi- 

-tions, to see these cells regain their cuboidal form 1 No doubt we have 

many other cases in the animal kingdom in which flat epithelial cells 

regain their cuboidal form. Thus, for instance, among the Bryozoa, 

Oka ('90, p. 132) has shown how the flat cells of the outer layer of the 

Btatoblast begin to thicken again at the return of warmth, and at the 

beginning of the active assimilative processes, not only at the pole from 

which the primary polypide is to arise, but also opposite to this. 

Many facts indicate that cells may become flattened epithelia, and yet 
not lose their embryonic character. Maas ('90, pp. 541-544) has re- 
cently shown step by step how the columnar ectoderm of the fresh water 
sponge is forced, on account of the great increase in surface which it is 
called upon quickly to cover, to become broad and flat. It finally gives 
rise to an epithelium so flat that its existence was long overlooked, and 
has been denied by so competent an observer as Goette ; and yet in its 
flattened condition it possesses to a remarkable degree the capacity of 
sending out pseudopodia-like processes, a condition indicative much less 
of a high degree of differentiation or specialization, than of an unspecial- 
ized, primitive or embryonic condition. 
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I liavB already stated (page 65) that the region from whioh tba iw. 

geueratinj; buds of CheiloBtoiaes arise, although one of fliitteiied epilhe- 
liuni, is one in which mauy more nuclei persist thnn elsewhere in the 
adult (ef. again Fig. 71). This fact, coupled with the couatauoj of 
poaitioii of regeuerating buds with reference to the degenerated polypide, 
is to Diy mind evidence against the assertion that buds arise here from 
" kidologicalit/ very definitely differenliated tissue." 

As for regeneration in Enduproctu, no one is more coinpet«nt to speak 
than SeeJiger himself. I am the more surpriaed, therefore, to find that 
iu Aacopodaria maoropus, which ia quite closely allied to the apeciea 
studied by Seeliger ('89), the oella at the part of the stalk immediately 
below the " head," from which regenerated buds arise, are, as Ehlers's 
maguiticent Pedicelliua work shows, very large and cuboidal (Elilers, 
'90, Taf. 11. Pigs. 26-33). I think one may conclude that n similar 
condition obtains in some cases in I'edicellina, even judging from Sceli- 
ger'a own drawings, although they are drawn to a scale that is not quite 
large enough to allow of settling this point (Seeliger, '89, Taf. X. Fig. 
35, a, Fig. 41, ett.). 

If the increase in size of the flattened cells, and their subseqiient rapid 
division and invagination to form a bud, are due to their more active noiir* 
ishmeut, it would be difficult to see why certain cells of any region should 
quickly undergo this modiRcation, while tho adjacent cells apparently 
as favorably situated with reference to the acquirement of food retain, 
their flattened, quiescent condition, if we assnmcd such favorable situation 
to be the only requisite. Still leas satisfactorily would such an asaump- 
tion explain the regular position of regenerating buds. It ia taking only 
one step farther back, but, to my mind, a helpful atep, to assert that cell 
proliferation in any region which produces invagination depends upon 
the capacity of the cella of that region to become better nourished than 
their fellows. This may evidently be effected by a diminution in the 
feeding capacity of the surrounding cells, or by au increase in this res] 
in the growing cella. 
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rV". Eelationahipa of Bndoprocta and Ectoprocta. 

I discussed this topic in my earlier paper (Davenport, '90, pp. 133, 
133). I have only to add, that later studies have confirmed mj 
opinion of Nitsche'a correctness in placing these two groups close to- 
{^ether, and in regarding the Endoprocta as nearer the ancestral types. 
The stages of Figures 25 (Plate III.) and 77 (Plate IX.) prolmhly n 



(l-late IX.) probably rep- 
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resent roughly a phylogenetic stage ancestral to both groups of Bryozoa, 
bat most clearly allied to adult Endoprocta. Tlie formation of new ten- 
tacles anteriorly and posteriorly in Figure 77, would reproduce the adult 
Endoproct condition. Two changes lead \o the Eotoproct stage : tii*st, 
the closure of the tentacular corona posteriorly in front of the anus (Piute 
V. Fig. 43), and, secondly, the formation of the pharynx or anterior 
part of the oesophagus by the growth of the oral tentacles over tlie floor 
of the atrium towards the atrial openiug. Thus the brain, which lies at 
the floor of the atrium in Ectoprocta, comes to lie on the pharynx. The 
pharj^nx would, upon this assumption, be a new structure, not found in 
■Endoprocta. Such appearances as are exhibited by Fij^ure 77 lead me 
to retract my former expressed opinion, in which I agreed with Nitsche in 
®*yirig that the earliest condition of the tentacular corona is a Unshaped 
^^^^ Rather, the tentacles are formed first on each side of the atrium, 
and only secondarily grow around the mouth in front, as later they grow 
^^ t>etween mouth and anus. The U-shaped stage is therefore not the 
^^^^Xiary one, but secondary. 

J^he close relationship of Endoprocta and Ectoprocta has recently been 

^putted by Cori (*90, p. 16), but his chief argument depends upon the 

*^saimilarity of the Endoproct and Ectoproct kidney. Unfortunately, 

*^^ Icnowledge of the latter is still very imperfect, and we may well hope 

^** Renewed researches in the subject by this skilful investigator. 

^Elhlers ('90, pp. 149-154) has recently re-expressed his former (*76, p. 

"^2) utterances concerning the lack of homology between the tentacles 

^ ^Ectoprocta and the " cirri '* of Endoprocta. He finds the homologue 

^^ t:lie latter in the " Diaphragma" or " Kragen " of Ectoprocta. This is 

^^ organ which I have believed to be homologous with Kraepelin's 

-Ctandwulst" (which may be Anglicized as marginal thickening), — an 

^^an occurring in all Ectoprocta. It is nothing but the " neck of the 

f^^^lypide," which has sunk below the general level of the body wall. It 

^ always provided with sphincter muscles, and in Ctenostomes forms the 

^^e of insertion of the cylindrical or comb-like " collare setosum." It 

^^Xi hardly be that Ehlers refers to this latter structure by the term 

IS^ragen," since this is merely cuticular. In my opinion the "Dia- 

t^tiragma" of Nitsche cannot be homologized with the cirri of Endo- 

t^'t*octa, because it is merely a part of the body wall comparable to that 

l^^rt from which the " polypide " of Endoproctous Bryozoa arises, and 

^^neath which th^ tentacles or " cirri " arise. This part of the body wall 

^ ^ provided with a sphincter in Endoprocta as well as Ectoprocta, and by 

^t the atrial cavity may in both cases be closed. 
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To my miud, the most Bigiiificaut diffcreucQ between Ibe two gronps 
exists iu the fuct that the outpouketiujr to form the stomiiuh arises from 
the oral end of the future ahnientary tract iu Eudoprocta, and from the 
anul end in Kctoprocta. Quels led to believe that Iu the ancestral form 
either two nearly equally iinporttiut outpooketinga from Loth the oral 
and aual Bides existed, or thiit the two existing methods are remnantB 
of a method different from either (suoli aa the formation of the whole 
atimentary tract at once), or, finally, that the Eudoproct condition repre- 
sents the ancestral one, and that the routal evngiiiation haa secoudarJly 
become of greater importance in Ectoproota, and that the oral evagina- 
tion haa become leas siguiBcaot. Oka ("90, pp. 134, 1-11) has recently 
asserted that iu the polypide buds of the statoblaat and adult colony of 
a Peetinatella of Japan (P. gelatiuoaa) the tesophngus atid stoniacb are 
formed by one evagiuation, which aoquirea secondary connection with 
the rectum. This condition reminds one, than, of Endoprocta. I mnst, 
however, doubt the accuracy of Oka's concluaiona until more aatisfaetory- 
evtdence is forthcoming; the more so, aince Peutiaatella mayuifica, 
Leidy, presents a method of budding eiactly comparable to that in 
Cristatella and Plumatella, as my own sections show with sufScient 
cleameas. 

The homology of the Ectoproota and Endoproota implies a homology 
of their larvic, and demands that the life history of the two groups ahould 
be directly comparable. 

It is well known from the researches of Hatsohek ('77) on Pedicellina, 
and of Harmer ('85) on Losoaoma, that the surface of the larva which 
bears the mouth and anua, i. e. its oral side, corresponds with that of the 
blastopore. How, then, is the oral aspect of the Ectoproct larvse, which 
I have tried to sliow is opposite to the pole of the blastopore, to be 
homologized with thia ) 

The month and amis of the Eudoproct larva undergo a rotation after 
the larva haa settled, so that they come to occupy the pole opposite to 
that at which the blastopore was. Thia stage of the Eudoproct larva 
ia comparable to the whole larval stage of Ectoprocta, I believe the 
two stages to be homologoua, and that, just aa polypidea are pre- 
coriouslff formed upon the Phylactolajroatous larva, its larval digestive 
tract having dropped out from the ontogeny, ao the mouth and anus of 
Gymnolteraata are precndoudy formed on the pole opposite the bhisto- 
pore, the primitive atage during which they existed rt the blastoporio 
pole having dropped out of the ontogeny. 

It ia well known from the works of Harmer ("86) and Seeliger ("89), 
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that in Pedicelliua, iu which the metamorphosis of the lorvu has beeu best 

studied, the stolon arises from the base of the stalk — that is, at the pole 

^here mouth aud auus were first formed — at the pole of iuvagiuation. 

I have shown that this is true for Phylactola^mata, aud probably for 

Gry m uolsemata. 

Xf the interpretation which I have put on Gymnolffimatous ontogeny 

»>ecotne8 confirmed, the larvae and the budding areas will be homologous 

throughout all Bryozoa. The following diagrams will explain my idea 

^^ "the relation of the different ontogenetic stages in the two groups. 

Endoprocta. Ectoproota. 






^he left band vertical series represents stages in the development of 
Endoprocta ; the right hand one, stages of Ectoprocta. The blastopore (*) 
is throughout turned upwards in the figures. Stage I. is in both cases a 
^oung gastrula. Stage II. is that of the free-swimming larva of Endo- 
procta. This stage is lost in the ontogeny of Ectoprocta, in which, by ' 
abbreviation of larval life, the free-swimming stage corresponds to the 
condition of the fixed Endoproct after it has undergone its rotation. 
This stage, or one slightly later, is shown in III. Both larvso are fixed, 
the Endoproct by the blastoporic, the Ectoproct by the opposite pole. 
The position of the stolon, or of the first polypide of the colony produced 
by non-sexual methods, is represented at ^m., near the blastoporic pole. 
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Summary. 

The following general suhouie of ILl- bmidiug priwess iu EctoprocS 
derived from my own aud other receut atiulies, may bo now drawn up, 
Tho references ans to pagea of tiiis paper. 

All Ectoprocta build stocka or comia. Tlie individuals i 
arranged in rowa radiating from a centre, — the larva or atfltoblaet, J 
and are placed one in front of another (Figa. 3, 64', 63", 67, Tl", etc.). 

Kow rowa or branebea are constamtly being produced periphera 
There is no dichotomy in the branching (page 86), but the ancealral^ 
median branch gives rise to one or more lateriil branches, which in t 
become median branches of tlieir part of the atock. 

The body wall and polypidca of the median branch, aa well as the 
Anlagtn of lateral branches, arise from a pre-existing mass of embry- 
onic tissne, the gemmiparona mass (pagea T2-82). This may exist cen- 
trally of the forming region, aa in Phylactolfemat.a, or peripherally, as in 
Gymnoliemata. 

The anal aapect of the polypide is turned towards the gemmiparoua 
. mass (page 82). 

The outer layer of the body wall iu the budding region is one 
of rapidly asaimilatiug and rapidly dividing tiasne ; the inner layer of 
the body wall becomea filled with food taken from the body cavity in 
species in which the latter is early cut off by a partition (Palndicella, 
Eoiverbankia, Lopmlia T) ; it ahows no tendency to do so in species with 
a ctcnocajl (Phylactolsemata, Alcyonidium). 

The firat impulse to the formation of the polypide is found iu the 
outer layer of the body wall (excepting when this is highly modified, as 
iu Criatatella), and many cells aeem to be involved in ita formation from 
the beginning (pages 8, 5G). 

This outer layer of the body wall is embryonic tissue, derived from the 
tip of tl e sto k ( ar^'n of the corm) as in GymnolEcmata, or from the 
neck of p e es at n^ poly p des is n Pi lactoliemata. It ia the direct de- 
scenda t f the gemra [aroua t s e of the larva, which in turn has been 
derived f om the rej, on aro nd the blaatopore, — in Phylactoleemata cer- 
tainly ymnolaimata probably (pages 8, 11, 12, 09), 

The nner 1 er of tl e boly wall a also embryonic iu the budding 
region as nd cated ly the f ct that ova arise near the neck of the 
polyp do n Phylaotol'en ata at least (page 68). 

The outer n rx\ layer becomes the inner bud layer by invagination, 
with or without the formation of a cavity. In the former case (many 
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Oymnolsemata) the mouth of the invagination pocket rapidly closes to 
give rise to the neck of the polypide (page 56). In the latter case, the 
cavity of the bud arises only secondarily by a separation of its walls 
(page 18). 

By a rapid growth of the walls of the bud, its distal part, in which the 
alimentary tract is to arise, is formed. Since this rapid growth occurs 
earlier at the anal side th&n at the oral, the rectum is formed first, the 
stomach last (pages 19, 57). 

By an approximation of the lateral walls, alimentary tract and atrio- 
pharyngeal cavity become separated. 

The oesophagus arises as a pocket of the atrio-pharyngeal cavity, and 
secondarily unites with the stomach (pages 19, 58). 

The lophophore arises first as two lateral thickenings of the atrio- 
pharyngeal wall, then as two lateral folds, whose cavity becomes the ring 
canal (pages 20, 58), ^ 

Tentacles appear on the ridge of the lophophoric fold thus established, 
and like it are formed first at the sides of the polypide, then anteriorly 
and posteriorly (pages 22, 59). 

The posterior end of the lophophoric ridge is the last to be formed, 
and, in forming, it cuts off the anal part of the atrium from the inter- 
tentacular cavity (pages 23, 62). 

The compressed intertentacular cavity becomes circular by change in 
position of the oral tentacles (pages 24, 62). 

The ganglion arises as a depression in the floor of the intertentacular 
room, and becomes included in the pharynx, which is differentiated by 
the change in position of the oral tentacles (pages 26, 61). 

Muscles and funiculi arise from the coelomic epithelium of both the 
body wall and the bud (pages 27-31, 63). 

The neck of the polypide may sink to a considerable distance below 
the general level of the body forming the " Randwulst " of Phylactolse- 
mata or " Diaphragma " of Gymnolsemata (pages 31, 63, 103). 

The atrial opening first arises at a late period by separation of the 
cells of the neck. 



The communication plate arises in Paludicella as a circular fold 
of the layers of the body wall, the mesodermal cells at the centre of 
which become cuticularized. It is not so completely closed as to pre- 
vent communication between the coelomata of the two individuals it 
separates. 

The mesodermal cells of Paludicella become stored with food mate- 
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rial before tlie furmatioii of the communiciilii>ii plate, and yield it up to 
the rapidly growing bud. 

The regeiicrnted pnljpidea, ]iko the marginal ones, arise in Cbeilo- 
Btoiaes in a definite position, — on the wall of the operculnm from tissue 
left behind to give rise to the poljpide, but not wholly used up in ita 
formation. They arise wholly from the body wall, come to lie neit to 
the " brown body," and cause ita diaintegratiou. ^M 

The more important theoretical conclusions to which I have arrivo^l 
are : — 

a. There is in every stock or corm of Bryozoa a mass of indifferent 
cell material, which ia derived directly from the indifferent cella of the 
larva or embryo, and wboao function ia to form the organs of the different 
individuals, including the polj-pidos. This mass by constant growth and 
division affords the embryonic material for lateral branches. 

b. The form of the stock and interrelation of individuals is in It 
part controlled by food supply. 



lanfl 



c. The inner layer of the Phylactolrematons larva represents meso- 
derm only : the entoderm has become rudimentary through loss of the 
alimentary function. 

d. The polypidea arise in Phylaotolieroata at the pole of ingresaion, 
which is probably homologous with the aboml pole of Gjnmoltemato. 

e. The inner layer of the polypido bud is composed of cells derived 
from the rim of the blastopore, and they are to be regarded as still 
indifferent, and as first becoming differentiated into ectoderm and ento- 
derm in the formation of the young polypide. 



/. Genimiparoiia tissue is a rapidly nsaimilnting tissue possessing 
large nuclei because actively asaimilating, and ataining deeply because 
full of food material. 

ff. The Endoproct and Rctoproct larvte are to be compared by assum- 
ing that the act of rotation of the axes occurring in the former has been 
leaped over in the ontogeny, the mouth and anus arising at once on the 
pole opposite the bla-itopore. 

Caudridce, Ma8B.| June 1, 1891. 
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Datknport. — Budding in Bryoaoa. 



PLATE I. 



ABBREVIATIONS. 

cev. pyd. Neck of polypide. gn, GaDglion. 

eta. Normal cuticula of adult t. Inner layer of bud. 

body wall. kmp'drm, Kamptoderm. 

eta/ Cuticula secreted by tip. ms'drm. Mesoderm. 

ec'drm. Ectoderm. mu, pyr. Pyramidal muscles. 

ex. Outer layer of bud. as. (Esophagus (pharynx). 

ga. Stomach. rt. Rectum. 

gm. Bud. to. Tentacle. 



All figures are of Faludicella EhrenbergiL 

Fig. 1. Stock of Faludicella Ehrenbergii, viewed as an opaque object. X 4.6. 
Fig. 2. Diagram representing the interrelations of indiyiduals in stock shown in 

Figure 1. A-H are individuals of the ancestral (median) branch ; 

a, b, Cf etc., lateral branches given off from the ancestral branch to the 

right ; a\ b\ branches given off to the left ; a, 0, etc., lateral branches 

of second order given off in the direction of the distal end of the 

ancestral branch ; a\ /3^, etc., g^ven off in the direction of proximal end ; 

ai^ lateral branches of third order — to left. 
Fig. 2*. Diagram of another (smaller) stock. Letters have same significance as 

in foregoing. 
Fig. 3. Cross section of branch near tip, showing the first trace of the bud of the 

polypide at car., t. X 635. 
Fig. 4. Cross section of branch near tip, showing bud of polypide slightly older 

than in Figure 3. X 635. 
Fig. 5. Cross section of slightly collapsed branch near tip, showing ingression 

of cells at ex, to form inner layer of bud. X 635. 
Fig. 6. Longitudinal section of tip of branch to show cell structure. Zeiss, ^ 

oil immersion, Oc. 1. X 1000. 
Figs. 7, 8, 9. Optical sections (nearly in sagittal plane) of three tips of branches 

in successive stages of development, showing relations of young bud, 

gm., to next older polypide. In Figure 8 the branch is slightly 

shrunken. X 87. 



DiTvrpon. — Badding in Bryoioa. 



PLATE n. 

ABBREVIATIONS. 

cev, pyd. Neck of polypide. ec'drm. Ectoderm. 

eta. Normal cuticula of body gm. L Anlage of lateral bad. 

wall. kmp*drm, Eamptoderm. 

da/ Cuticula secreted by tip. ms'drm. Mesoderm. 

All Figures from preparations of Paludicella Ehrenbergii. 

Fig. 10. Surface view of cuticula near the end of a branch at intervals, a being 
nearest the tip, and d farthest from it. The branch was stained in 
Erlich's -hsematoxylin, the color being taken up by superficial cuticula 
only. X 320. 

Figs. 11, 12, 13. Cross sections of the cuticula taken at different distances from 
the tip, to show the stainable and non-stainable cuticulse. Figure 11 
is from near the tip. Figure 18 farthest from it. X 1000. 

Fig. 14. Longitudinal median (sagittal) section through the tip of a branch show- 
ing cells of tip and an early stage in the development of the polypide. 
X410. 

Fig. 15. Cross section of branch showing origin of lateral bud. X 635. 

Fig. 16. Longitudinal section of body wall of branch through the point at which 
a lateral bud is originating. Polypide of ancestral branch is nearly 
adult. X 685. 

Fig. 17. Longitudinal section of body wall from near the tip through the ArUage 
of a lateral bud. X 410. 

Fig. 18. Cross section of branch showing histological conditions of Ardage of 
lateral bud. The polypide has reached a stage of development cor- 
responding to that of Figure 36, Plate IV. X 1000. 

Fig. 19. Longitudinal section through body wall from the same branch as Figure 
17, but farther from the tip. Histological conditions are to be com- 
pared with those of Figure 17, which represents a less differentiated 
condition. X 410. 

Fig. 20. Cross section of branch in whicli the polypide hAs reached a stage slightly 
younger than that of Figure 36. To show Anlage of two lateral buds 
with their cuboidal undifferentiated cells. X 410. 
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Davenpobt. — Budding Id Bryosoa. 



PLATE IIL 



ABBREVIATIONS. 



An. 


Anal side of polypide. 


kmp*drm. 


Eamptoderm. 


atr. 


Atriam. 


loph. 


Lophophore. 


cev. pyd. 


Neck of poljpide. 


ms'drm. 


Mesoderm. 


cl. mu. ret 


. Toung cells of retractor 


mu. par. 


Parietal muscle. 




muscle. 


a. 


CEsophagus. 


eta. 


Cuticula. 


Or. 


Oral sidp of polypide 


ec'drm. 


Ectoderm. 


rt. 


Rectum. 


ga. 


Stomach. 


vlv. or. 


Cardiac valre. 


gn. 


Ganglion. 







All figures from preparations of Paludicella Ehrenbergii. 

Figs. 21-25. Longitudinal sections through buds of polypides at successively older 
stages. The tip of the colony, and therefore the anal aspect of the 
polypide, is to the right in all cases. All figures X 410. 

Fig. 21. Stage of Figure 37 (Plate IV.). Few nuclei in central region. 

Fig. 22. Shows rapid growth of bud, chiefly at neck of polypide. The two inner 
cell layers are about to separate to form the common cavity of atrium 
and oesophagus. 

Fig. 23. Beginning of formation of alimentary tract at rectum, rt. The row of 
nuclei separating the atrio-oesophageal cavity from the alimentary tract 
is due to the fusion of the two inner layers of the bud along this line. 

Fig. 24. Rectum and stomach completed. Retractor muscles begin to form. 

Fig. 25. Lophophore and young tentacles have made their appearance, and 
oesophagus and pharynx are separated from atrium. Beginning of 
formation of brain at gn. 

Fig. 26. Part of cross section of a branch of stage of Figure 80. Parietal mus- 
cles, mu. par., occupy a diameter of the section, and are attached to 
the cuticula. X 635. 

Fig. 27. Young parietal muscle at stage of Figure 28. This is one of the pair 
which in a later stage are found lying together in Figure 26. X 635. 

Fig. 28. Cross section of branch showing young polypide, and reticulated vacuo- 
lated cells. X 410. 

Fig. 29. Bit of body wall, with cuticula separated from underlying ectoderm to 
show ends of parietal muscles. X 690. 



Datbipo&t. — Budding in Bryoioa. 



PLATE IV. 



ABBREVIATIONS. 



An, 


Anal side of polypide. 


• 

t. 


Inner layer of bud. 


an. 


Anus. 


loph. 


Lophophore. 


atr. 


Atrium. 


ms'drm. 


Mesoderm. 


can. crc. 


Ring canal. 


mu. 


Muscle fibre in funiculus 


ec*drm. 


Ectoderm. 


n/ 


Circumcesophageal nerve 


ex. 


Outer layer of bud. 


a. 


(Esophagus. 


Jun. inf. 


Inferior funiculus. 


Or. 


Oral side of polypide. 


fun. sup. 


Superior funiculus. 


rt. 


Rectum. 


get- 


Stomach. 


vac. 


Vacuole. 


gn. 


Ganglion. 


vlv. er. 


Cardiac yalye. 



All figures firom preparations of Paludicella Ehrenbergii. 

Fig. 30. Cross section of polypide bud of stage of Figure 24, Plate III. The posi- 
tion is indicated by the line 30, Figure 24. X 410. 

Figs. 31-34. Four cross sections of a branch through a young polypide, some- 
what younger than that of Figure 25. Figure 81 is nearer the anal, 
Figure 34 nearer the oral surface. In Figure 34 that part only of the 
section of the polypide which lies near the body wall is represented. 
X410. 

Fig. 86.' Cross section of branch through polypide of age of Figure 25. To show 
origin of tentacles and ring canal. X 410. 

Fig. 36. Sagittal section of young polypide at period of closure of ganglion, gn. 
X410. 

Fig. 36*. Bit of same poljrpide a few sections to one side of plane of Figure 86, 
showing origin of inferior funiculus. X 410. 

Fig. 37. From cross section of branch showing early stage in development of the 
bud. X 410. 

Fig. 88. From a sagittal section of nearly adult polypide, showing the two funiculi 
and their muscles. X 410. 

Figs. 39 and 40. Two neighboring sections parallel to the body wall through a bud 
of the stage of Figure 23. Figure 40 lies three sections below Fig- 
ure 39. Figure 39 shows the atrial cavity, formed as yet only on the 
anal side. Figure 40 shows the beginning of formation of the ali- 
mentary tract at the anal end. Note the vacuolated condition of the 
mesoderm. X 410. 

Fig. 41. Polypide of about the stage of Figure 25 looked at en face. The anal 
tentacles, being turned under, do not appear. To show compressed 
condition of polypide, and alternating position of tentacles. Of. 
Figure 77, Plate IX. X 320. 



DAyiNPOBZ. — Budding in BryoMa. 



PLATE V. 



ABBREVIATIONS. 



an. Anus. 

cev. ptfd. Neck of the polypide. 

dr. set. CoUare setosum. 

Normal cuticula of adult 

body wall. 
Caticula secreted by the tip 
of branch. 
ec*drm. Ectoderm. 



eta. 



eta.' 



kmp*drm. 


Eamptoderm. 


hph. 


Lophophore. 


ms'drm. 


Mesoderm. 


mu. par. 


Parietal muscles. 


mu. pyr. 


Pyramidal muscles. 


of. air. 


Atrial opening. 


rt. 


Rectum. 


spht. 


Sphincter. 



All figures from preparations of Paludicella Ehrenbergii. 

Fig. 42. Cross section of branch of age of Figure 87, Plate IV., to show origin of 
primary parietal muscles. X 410. 

Figs. 48 and 44. Successive sections through a polypide slightly older than that 
of Figure 25, cut perpendicularly to the long axis of the branch. Dur- 
ing this period the lophophore becomes more nearly circular, and its 
aboral ends meet oralwards of the rectum, rt. Figure 44 is nearer the 
tip of the branch. X 410. 

Fig. 45. Axial section of neck and atrial opening of polypide just sufficiently devel- 
oped to be capable of extrusion. Shows the coUare setosum in place. 
X410. 

Fig. 46. Section of communication plate cut across the branch. Two sections 
(10 /a) above Figure 51. X 635. 

Figs. 47-49. Three stages in the development of the communication plates. Lon- 
gitudinal sections of the branch. In Figure 47, the polypide has 
reached the stage of Figure 22 ; in Figure 48, the stage of Figure 23 ; 
and in Figure 49, the stage of Figure 24. X 685. 

Fig. 50. Longitudinal section through neck of young polypide', showing the sink- 
ing of the neck below the general surface of the body, and the method 
of forming the inner cuticula of neck. X 890. 

Fig. 51. Cross section of branch through communication plate. The left side 
of the section includes the cuticula and the underlying flat ectodermal 
layer. The right side cuts a little lower into the mesodermal cells. 
X 685. 



Davinpobt. — Sodding in Bryoioft. 



PLATE VL 



ABBREVIATIONS. 



an. 


Anus. 


• 

t. 


Inner layer of bud. 


can. crc. 


Ring canal. 


kmp^drm. 


Kamptoderm. 


cev. pyd. 


Neck of the poljpide. 


la. comn. 


Communication plate. 


cl. rtl. 


Reticulated cells. 


ma'drm. 


Mesoderm. 


da. 


Normal cuticula of adult 


mu. par. 


Parietal muscles. 




body wall. 


mu. pyr. 


Pyramidal muscles. 


da: 


Cuticula secreted by tip. 


n: 


Circumoesophageal nerve 


ec*drm. 


Ectoderm. 


a. 


CEsophagus. 


ex. 


Outer layer of bud. 


rt. 


Rectum. 


gm. 


Bud. 


vcui. 


Vacuole. 


gn. 


ganglion. 







All figures from preparations of Paludicella Ehrenbergii. 

Fig. 52. Cross section of a branch through a polypide slightly older than that 
shown in Figure 36. The section passes through the brain and whole 
extent of the ring canal, together with its opening into the coelom. 
X 636. 

Fig. 58. Next section below Figure 52 of same series ; showing the beginning of the 
circumoesophageal nerve ring. X 635. 

Fig. 54. Shows connection of mesodermal cells of body wall, ms'drm, with those 
of the outer layer of bud, ex. X 1030. 

Fig. 55. Origin of the secondary parietal muscle cells from mesoderm of body 
wall. X 686. 

Fig. 56. Histological conditions of the budding regions. The cells have large nu- 
clei, the mesodermal cells are vacuolated and rapidly dividing ; the 
cells of the bud are densely granular. Zeiss, ^ oil immersion, Oc. 1. 
X 1070. 

Fig. 57. Normal vacuolated cell, full of food particles. X 1080. 

Fig. 58. Longitudinal section of young lateral branch, showing highly reticulated 
character of mesoderm, and nearly complete formation of communi- 
cation plate. X 410. 

Fig. 59. Reticulated cell, showing one of the pseudopodia-like processes which 
frequently appear on them, projecting into the coelom. X 1030. 

Figs. 60-62. Three successive sections from a series across the tentacles of a pol- 
ypide which has 15 tentacles, and is of about the stage of Figure 86. 
The odd tentacle {*) is shorter than the others, and lies opposite the 
rectum, rt. X 296. 

Fig. 63. Cross section of branch through neck of polypide of about the age of Fig- 
ure 36. Shows also the young pyramidal muscles. X 410. 
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PLATE VII. 

For explanation of notation employed on this plate, see page 41. 

Fig. 64. Outline drawing of one of the lateral "fans" of Bugula tunita, taken 
from the axis of the colony and spread out flat on the slide. 
X ca. 12. 

Fig. 64*. Diagram showing arrangement of individuals in Figure 64. 

Fig. 65. Outline drawing of one of the lateral branches of a stock of Crisia eburnea, 
spread out flat on the slide. X 16. 

Fig. 65*. Diagram showing arrangement of individuals in Figure 65. 

Fig. 66. Part of stock of Bugula Jlabellata, X 10. 



\ 



MUSEUM OF COMPARATIVE ZOOLOGY. Ill 

Hincks, T. 

'80. A History of the British Marine Polyzoa. 2 vols., 8°. (11) + cxli + 
601 pp., 83 pis. London, John van Voorst. 

Joliet, L». 

'77. Contributions a Thistoire naturelle des Bryozoaires des cotes de France. 
Arch. Zool. exp^r. et gen., VI. 2, p. 193. 

Joyeux-L»affuie, J. 

'88. Description du Delagia chsetopteri (J. J.-L.). Arch. Zool. exper. et 
gen., (2), VI., p. 135. 
[This is the Hypophorella expansa of Ehlers, 76.] 

Jullien, J. 

'90. Observations sur la Gristatella mucedo, G. Cuvier. M^m. Soc. Zool. 
de France, III., p. 361. 

Kennel, }. v. 

'82. Ueber Ctenodrilus paradilis, Clap. £in Beitrag u. s. w. Arb. zool.- 
zoot. Inst. W^iirzburg, V. 4, p. 373. 

Kent, J. S. 

'70. On a New Polyzoan, "Victorella pavida," from the Victoria Docks. 
Quart. Jour. Micr. Sci., X., p. 34. 

Kleinenberg, N. 

'86. Die Entstehung des Annelids aus der Larva von Lopadorhynchns. 
Zeitschr. f. wiss. Zool., XLIV. 1, p. 1. 

Korotneff, A. 

*74. noHKOBame Paludicella. Bull. Roy. Soc. Moscan, X. 2, p. 45. [Russian.] 
'75. [Abstract of Korotneff, '74, by Hoyer, in Hoffman u. Schwalbe's 

Jahresber. Anat. u. Phys. f. 1874, III. 2, p. 369 ] 
'87. Zur Entwicklung der Alcyonella fungosa. Zool. Anz., X., No. 248, 

p. 193. 
'89. Sur la question du d^veloppement des Bryozoaires d'eau douce. M^ni. 

Soc. Naturalistes de Kiew, X. 2, p. 393. [Russian.] 

Korschelt, E. 

'89. Beitrage zur Morphologic und Physiologic des Zellkemes. Zool. 
Jahrb. (Spengel), Abth. f. Anat. u. Ontog., IV. 1, p. 1. 

Kraepelin, K. 

'86. Ueber die Phylogenie und Ontogenie des Susswasserbryozoen. Biol. 

Centralblatt, VI. 19, p. 599. 
'87. Die Deutscheu Siisswasser-Bryozoen. Eine Monographic. I. Anato- 

misch-Systematischer Teil. Abhandl. naturwiss. Verein in Hamburg, X. 

168 pp., 7 Taf. 

Kttkenthal, W. 

'85. Ueber die lymphoiden Zellen der Anneliden. Jena. Zeitschr., XVIII., 
p. 319. 



Daybvpobt. —Budding in Bryoioa. 



PLATE VIII. 



ABBREVIATIONS. 

op. Operculum. pt^d, rgn. Regenerated polypide. 

pyd, dgn. Degenerated polypide. 

Fig. 67. Diagram to show interrelation of individuals in the corm, Figure 69. 

Fig. 68. A part of a corm of Membranipora piloaa^ to show regular arrangement, 
with a single median branch, each of whose indiyiduals gives rise to 
two lateral branches. The * indicates margin of frond on which 
stock was growing. X ca. 8. 

Fig. 69. Toung corm of FlustreUa hispida, to show arrangement of individuals. 
X 10. 

Fig. 70. Toung corm of Membranipora pilosa, with several median branches^ show- 
ing regular arrangement. The marginal ones alone give rise to lateral 
branches. X 10. 

Fig. 71. Toung corm of Lepralia PaUasianaf showing arrangement of individuals. 
On the left, the nuclei of the cells of the body wall are shown, to 
indicate the inequality of their distribution. On the right, nuclei are 
omitted. At pyd. rgn. a regenerating polypide is seen, on the opercu- 
lum. X 43. 

Fig. 71*. Plan of Figure 71. 



Davinpobt. — Budding in Bryoioa. 



PLATE IX. 



ABBREVIATIONS. 



An, Anal side of polypide. 

atr. Atriam. 

can, crc. Ring canal. 

cev. pyd. Neck of the polypide. 

eta, Cuticula. 

ec'drm. Ectoderm. 

Outer layer of bud. 

Stomach. 

Bud. 

Ganglion. 

Inner layer of bud. 



ex, 
ga, 

gm 
gn. 

m 

t. 



lu. gm. Lurren of bud. 
marg. Margin of conn. 
ms*drm. Mesoderm. 

Circumoesophageal nerve. 

(Esophagus. 

Oral side of polypide. 

Rectum. 

Wall of asooecium in the corm. 

Sole of the corm. 

Roof of the corm. 



n. 

a, • 

Or. 

rt. 

Sep, 

sol. 

tct. 



Fig. 72. Longitudinal rertical section through the peripheral part of the corm of 
Lepralia Pallasiana^ showing the margin of the corm and two zocecia, 
the older of which contains a polypide. X 100. 

Fig. 7S. Longitudinal rertical section through the margin of a corm of Lepralia 
Pallasiana, showing the two layers of this region and the origin of the 
polypide. X 410. 

Fig. 74. Toung regenerating polypide of Flustrella hispida. The section passes 
through the sagittal plane. X 380. 

ilg. 75. Vertical section through margin of corm of Flustrella hispida, to show 
origin of polypide. X 410. 

Fig. 70. Sagittal section through young polypide of Flustrella hispida, to show 
early stage of development of alimentary tract. X 410. 

Fig. 77. Superficial view of young polypide from upper surface of corm of Flus- 
trella hispida, showing young tentacles and their relation to the anus 
(at atr.). X 820. 

Fig. 78)1 Bud of polypide of Flustrella hispida at the time of closure of the pore of 
invagination. X 390. 

Fig. 79. Radial section through margin of corm of Flustrella hispida, showing bud 
of polypide. X 410. 

Fig. 80. Young polypide of Flustrella hispida, X 380. 

Fig. 81. Bud of Lepralia Pallasiana immediately before the formation of alimen- 
tary tract, showing relation of the rectal pocket {rt,) to the atrio- 
pharyngeal cavity above. X 410. 

Fig. 82. Section through polypide, through lately formed brain and circum- 
oesophageal nerves (n.") growing around oesophagus (as.). X 410. 




1^f#. 



Sf^«^- 
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PLATE X. 



ABBREVIATIONS. 



An. Anal side of polypide. 


kmp'drm. 


Kamptoderm. 


an. Anus. 


lu. gn. 


Lumen of the ganglion. 


air. Atrium. 


ms'drm. 


Mesoderm. 


can. crc. Ring canal 


mu. 


Musculature of oesophagus. 


cev. pyd. Neck of polypide. 


mu, ret. 


Retractor muscle of polypide. 


c(B. Coecum. 


ce. 


CEsophagus. 


eta. Cuticula. 


op. 


Operculum. 


dVsep. Wall of zooecium in the corm. 


Or. 


Oral side of polypide. 


ec'drm. Ectoderm. 


or. 


Mouth. 


ex. Outer layer of bud. 


pyd. dgn. 


Degenerated polypide, "brown 


fm. Funiculus. 




body." 


ga. Stomach. 


rt. 


Rectum. 


gn. Ganglion. 


ta. 


Tentacle. 


{. Inner layer of bud. 







Fig. 83. Sagittal section through young polypide of Escharella variabilis. X 820. 

Fig. 84. Regenerated polypide of Lepralia Pallasiana on operculum (op.). X 380. 

Fig. 85. Cross section of pharynx of adult polypide of Escharella variabilis, show- 
ing perforated cell walls. X 635. 

Fig. 86. Sagittal section of young polypide of Lepralia Pallasiana, showing forma- 
tion of brain. X 320. 

Fig. 87. Section parallel to sole of a corm of EschareUa variabilis at about the stage 
of Figure 86, showing atrium, ganglion, and rectum. X 430. 

Fig. 88. Vertical section through a bit of roof of corm of Escharella variabilis at 
neck of polypide, showing also the region of future operculum and of 
origin of future regenerated buds. Compare with Figure 90. X 410. 

Fig. 89. Sagittal section of young regenerated polypide of Flusirella hispida inter- 
mediate in age between Figures 86 and 83. Shows the origin of the 
ganglion and rotation of the oral tentacles. X 320. 

Fig. 90. Vertical section of a bit of body wall from same individual as Figure 88, 
to show the comparatively less embryonic condition of cells here than 
at neck of polypide. X 410. 

Fig. 91. Operculum of Lepralia Pallasiana cut perpendicularly to surface, show- 
ing origin of a regenerating polypide. Body wall somewhat shrunken 
from cuticula. X 410. 

Fig. 92. Section through a regenerated polypide of Escharella variabilis, showing 
relations of alimentary tract to " brown body " {pyd. dgn.). X 410. 
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PLATE XL 

ABBREVIATIONS. 



cev» Oct. 


Neck of ocecium. 


ms'drm. 


Mesoderm. 


caL 


Ccelom. 


ooe. 


Ocecium. 


ec*drm. 


Ectoderm. 


ov/ 


Ooblasts. 


en'drm. 


Entoderm. 


pyd. 


Polyplde. 


ex. 


Outer layer of bud. 


8tO. 


Stolon. 


• 

t. 


Inner layer of bud. 


tct. 


Koof of stock 


/u. gm. 


Lumen of the bud. 







Fig. 93. A portion of a longitudinal section through a young stock of Plumatdla 
pdymorpha, about two weeks after hatching from statoblast (killed 
12th May, 1890), showing the body wall just analward of the neck of 
a young polypide (pyd.), at the oral side of which a younger bud has 
already arisen. The inner (mesodermal) layer of the body wall 
shows ooblasts {ov/) in various stages of development. X 600. 

Fig. 94. Longitudinal section of ooecium of CristateUa showing embryo which is 
giving rise to the coelomic epithelium by ingression of cells at its 
proximal pole, — i. e. the pole nearest the neck of the o<£cium. There 
are in the next section two other cells in the cavity of the blastula, 
one of which appears degenerate in that it contains a huge vacuole, 
and has no distinct nucleus, the chromatic substance lying scattered 
loose near the cell wall. X 600. 

Fig. 96. Longitudinal section through ooecium of CristateUa and its contained em- 
bryo. One polypide bud and the stolon (sto.) are shown here. There 
are two other buds in the embryo further developed than this one, 
lying to one side of it, and on the side of each of these buds is the 
Anlage of another. The stolon is seen to be well developed, lying be- 
tween the ectoderm and mesoderm throughout the region bounded 
by the three older buds, and extending as a zone beyond them, and 
even beyond the Anlage of the youngest polypides. The embryonic 
tissue thus forms a disk about 75 X 150 fi in extent. X 390. 

Fig. 96. Transverse section of ooecium of Plumatella, showing origin of first pol- 
ypide. Compare with Figure 99, which represents an earlier stage. 
X 390. 

Fig. 97. Longitudinal section through ooecium and contained embryo of CristateUa. 
The stolon is already cut off from the ectoderm. This stage imme- 
diately follows that of Figure 101, Plate XII. The forming bud is 
that of the first polypide. X 390. 

Fig. 98. Oblique section through ocecium of Plumatella, showing a later stage in 
development of the inner layer of the larva (cf. Fig. 94). X 600. 

Fig. 99. Longitudinal section of ooecium and contained larva of Plumatella. The 
bud shown at t., ex. is the first in the colony. An incipient (second) 
bud is shown five sections to one side in the region indicated by an 
asterisk. X 410. 
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PLATE XII. 



ABBREVIATIONS. 



ec'drm. Ectoderm. m8*drm. Mesoderm. 

ex. Outer layer of bud. ote. Ooecium. 

t. Inner lajer of bud. 8to, Stolon. 

lu. gm. Lumen of the bud. 



Fig. 100. Longitudinal section of a larva of Plumatella polymorphaf in which the 
two layers are established ; the pole of ingression is directed upward, 
on the plate. 

Fig. 101. Section of upper part of zooecium of Cristatdla mucedo, with its contained 
larva. Showing the formation of the stolon at the pole of ingres- 
sion and the attachment of this pole to the placenta-like neck of the 
ooecium (•). X 390. 

Fig. 102. Section through an ocecium of Cristatdtaf with its contained larva. One 
polypide is already established, and a second is arising. The two 
are the only buds in the larva. On the left of the older bud the 
stolon is seen to be intruding itself between the ectoderm and meso- 
derm of the larva. X 390. 

Fig. 103. Section through the two oldest polypides of the Cristatella larva, to- 
gether with the stolon. This larva contains one other less developed 
bud at one side of these two. X 890. 

Fig. 104. Plumatella pdymorpha. Stage of first bud later than that shown in 
Figure 96, exhibiting pore of invagination closed by overgrowth of 
ectoderm. X 890. 



